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* NOTICES * 
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damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The thickness of the 1st light information record medium of tl and a transparence substrate receives 
[ the thickness of a transparence substrate ] the 2nd light information record medium of t2 (however, t2 !=tl). In 
the optical pickup equipment which an information recording surface is made to condense the flux of light 
which carried out outgoing radiation from the light source through a transparence substrate by one condensing 
optical system, records information on an information recording surface, and is reproduced The 1st parting 
plane near the optical axis located in the center of this optical surface in at least one optical surface which 
constitutes the above-mentioned condensing optical system, It constitutes from an optical surface divided into 
the 3rd parting plane located on both sides of the 2nd parting plane between this 1st parting plane. The beam 
spot is formed according to the flux of light diffracted by the flux of light and the 2nd parting plane which 
passed the 1st parting plane of the above, and the 3rd parting plane when the thickness of a transparence 
substrate was record playback of the 1st light information record medium of tl . The beam spot is formed 
according to the flux of light diffracted by the flux of light and the 2nd parting plane which passed the 1st 
parting plane of the above when the thickness of a transparence substrate was record playback of the 2nd light 
information record medium of t2 (however, t2 !=tl). Optical pickup equipment characterized by the thing 
whose numerical aperture by the side of the optical information record medium of the flux of light which passes 
along the optical-axis side edge of the 2nd parting plane of the above is 0.35 or more, and to do [claim 2] In the 
design approach of the objective lens of optical pickup equipment of making the flux of light which carried out 
outgoing radiation to two or more optical information record media with which the thickness of a transparence 
substrate differs from the light source of wavelength lambda condensing In within the limits of the numerical 
aperture NA1 by the side of the optical information record medium of the objective lens which needs the 
thickness of a transparence substrate for record playback of the 1st light information record medium of tl While 
the best wave aberration of the flux of light which made the 1st light information record medium condense 
through the transparence substrate of thickness tl designs the 1st aspheric surface and a common refracting 
interface so that it may become below 0.051ambdarms The yield of the spherical aberration of the flux of light 
which the thickness of a transparence substrate made the 2nd light information record medium of t2 (however, 
t2 !=tl) condense by primary light So that it may become less than the yield of the spherical aberration at the 
time of making the 2nd optical information record medium condense through the 1st aspheric surface The 1st 
diffraction side over said common refracting interface is designed so that the numerical aperture of the optical- 
axis side edge may be 0.35 or more. When numerical aperture by the side of the information recording surface 
of an objective lens required for record playback of the above-mentioned 2nd light information record medium 
is set to NA2 (however, NA2<NA1) for these 1st aspheric surfaces and the 1st diffraction side, The design 
approach of the objective lens characterized by designing at least one field of the above-mentioned objective 
lens by compounding so that the above-mentioned 1st diffraction side may be located in the part which the 
about two above [ of the 1st aspheric surface of the above /NA ] flux of light passes [claim 3] The design 
approach of the objective lens of claim 2 characterized by designing the shaft top radius of curvature of the 1st 
aspheric surface of the above, and the shaft top radius of curvature of the above-mentioned 1st diffraction side 
as the same [claim 4] The 1st aspheric surface of the above is the objective lens [claim 5] of claims 2 or 3 
characterized by designing that the best wave aberration of the flux of light which passed through the 1st 
aspheric surface located in an optical-axis side, and the thickness of a transparence substrate made the 2nd light 
information record medium of t2 condense rather than the 1st diffraction side to compound is below 
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0.071ambdarms. In the objective lens which makes the flux of light which carried out outgoing radiation to two 
or more optical information record media with which the thickness of a transparence substrate differs from the 
light source condense The one refracting interface is set at least within the limits of the numerical aperture NA1 
by the side of the optical information record medium of the objective lens which needs the thickness of a 
transparence substrate for record playback of the 1st light information record medium of tl. The 1st aspheric 
surface where the best wave aberration of the flux of light which made it condense through the transparence 
substrate of thickness tl becomes below 0.051ambdarms, The yield of the spherical aberration of the flux of 
light which the thickness of a transparence substrate made the 2nd light information record medium of t2 
(however, t2 !=tl) condense the objective lens characterized by constituting from a field compounded so that 
said 1st diffraction side might be located in the part into which the about two NA [ of the 1st aspheric surface of 
the above ] flux of light passes through the 1st diffraction side which becomes less than the yield of the 
spherical aberration at the time of making it condense through the 1st aspheric surface of the above on the 2nd 
light information record medium - however NA2 is the numerical aperture by the side of the information 
recording surface of an objective lens required for record playback of the above-mentioned 2nd light 
information record medium (NA2<NA1). 

[Claim 6] The thickness of the 1st light information record medium of tl and a transparence substrate receives 
[ the thickness of a transparence substrate ] the 2nd light information record medium of t2 (however, t2 !=tl). In 
the objective lens of the optical pickup equipment which an information recording surface is made to condense 
the flux of light which carried out outgoing radiation from the light source through a transparence substrate by 
one condensing optical system, and performs informational record playback the above-mentioned objective lens 
Oneth of them up to 2ndn+l (however, n natural number) parting plane sequentially from the 1st parting plane 
near the optical axis at least division, now the 1st flux of light which gets down and passes the 1st parting plane 
of the above While using for record playback of the 1st light information record medium, and record playback 
of the 2nd light information record medium It is the objective lens [claim 7] of the optical pickup equipment 
characterized by using for record playback of the 1st light information record medium, and record playback of 
the 2nd light information record medium the flux of light which passes an even number parting plane, and 
mainly using for record playback of the 1st light information record medium the flux of light which passes the 
odd number parting plane except the 1st parting plane. In the objective lens of the optical pickup equipment 
which makes the flux of light from the light source condense as an optical spot through the transparence 
substrate of an optical information record medium on the information recording surface of an optical 
information record medium in order to carry out record playback of the information on an optical information 
record medium While the thickness of a transparence substrate can make it condense using the light source of 
wavelength lambda 1 on the information recording surface of the 2nd light information record medium of t2 
(however, t2 !=tl), the thickness of the 1st light information record medium of tl and a transparence substrate 
So that it may be possible to condense on the information recording surface of the 2nd light information record 
medium even if it is the case where the light source of wavelength lambda 2 (however, lambda2 !=lambdal) is 
used The objective lens of the optical pickup equipment characterized by having constituted the 1st [ at least ] 
page from two or more parting planes of the above-mentioned objective lens, and having made at least one of 
the above-mentioned parting planes into the diffraction side, and carrying out as [ be / the numerical aperture of 
the optical -axis side edge / 0.35 or more ] 

[Translation done.] 
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DETAILED DESCRIPTION 

■ffwwr*rtfrrrttr/r/rrffff//rrttftffrffrtt/ttftft*ft/rfff/t/irsttfrtfffrftfrt//tr*ttftt*tfftrrr/rt 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention makes an information recording surface condense the flux of light which 
carried out outgoing radiation from the light source by condensing optical system, and relates to the design 
approach of the optical pickup equipment for enforcing the record playback approach of the optical information 
record medium which carries out record playback of the information on an optical information record medium, 
and this approach, its objective lens, and this objective lens. 
[0002] 

[Description of the Prior Art] In recent years, development of DVD which is the optical information record 
medium of the high density made to large-capacity-ize in magnitude comparable as CD (compact disk) which is 
the conventional optical information record medium (it is also called an optical disk) was made with utilization 
of short wavelength red semiconductor laser. In this DVD, numerical aperture NA by the side of the optical disk 
of the objective lens when using 635nm short wavelength semiconductor laser is set to 0.6. In addition, DVDs 
are track pitch 0.74micrometer and the 0.4 micrometers of the shortest pit length, and densification is carried 
out to below one half to track pitch 1.6micrometer of CD, and the 0.83 micrometers of the shortest pit length. 
Moreover, the optical disk of various specification, for example, CD-R(recordable compact disk) LD(laser disk) 
MD(mini disc) MO etc., (magneto-optic disk) is commercialized other than CD and DVD which were 
mentioned above, and it has spread. Need numerical aperture is shown with the thickness of the transparence 
substrate of various optical disks in Table 1. 
[Table 1] 

Optical disk Transparence substrate thickness (mm) Need numerical aperture NA (light source wavelength 
lambdanm) 

CD, CD-R (playback) 1.20 0.45 (lambda= 780) 

CD-R (record, playback) 1.20 0.50 (lambda^ 780) 

LD 1.25 0.50 (lambda- 780) 

MD 1.20 0.45 (lambda= 780) 

MO (3.5 inches, 230MB) 1.20 0.55 (lambda= 780) 

MO (3.5 inches, 640MB) 1.20 0.55 (lambda- 680) 

DVD 0.60 0.60 (lambda= 635) 

[0003] Among the above-mentioned optical information record medium, about CD-R, although it is necessary 
to be lambda= 780nm in light source wavelength, being able to use the light source of wavelength other than the 
light source wavelength indicated to Table 1 in other optical disks, and need numerical aperture changing 
according to the wavelength to be used, for example, approximating by need numerical-aperture NA=lambda 
(micrometer) / 1.06 in the case of need numerical-aperture NA=lambda (micrometer) / 1.73, and DVD, when it 
is CD is known well. 

[0004] Thus, since it corresponds to various optical disks with which size, substrate thickness, and recording 
density differ from operating wavelength etc. variously, the optical pickup equipment which is equipped with 
the condensing optical system corresponding to each different optical disk, and changes condensing optical 
system with the optical disk which carries out record playback is proposed. However, with this optical pickup 
equipment, two or more condensing optical system is needed, the drive for it not only causing cost quantity, but 
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changing condensing optical system is needed, equipment is complicated, and there is a problem referred to as 
that that change precision is also required. 

[0005] Then, the optical pickup equipment which carries out record playback of two or more optical disks 
according to one condensing optical system is proposed variously. As one of them, when the refracting interface 
of an objective lens is divided into ring-like two or more fields and each parting plane carries out image 
formation of the beam to one of the optical disks with which thickness differs, the optical pickup equipment 
which carries out record playback is indicated by JP,7-302437,A. 

[0006] Moreover, at the time of the 2nd optical disk of the thickness t2 of a transparence substrate, the optical 
pickup equipment which forms a condensing spot where a few is defocused is indicated by JP,7-57271,A using 
the objective lens designed so that the wave aberration which the beam condensed has might become below 
0.071ambda at the time of the 1st optical disk of the thickness tl of a transparence substrate. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in order that the optical pickup equipment of a JP,7- 
302437,A indication may divide the amount of incident light into two foci with one objective lens, it needs to 
enlarge a laser output and causes cost quantity. Moreover, at the time of the 2nd optical disk record playback, as 
for the optical pickup equipment of a JP,7-57271,A indication, the increment in the jitter by the side lobe takes 
place. With the objective lens by which wave aberration was especially made below 0.071ambda with the 1st 
optical disk, since record playback of the 2nd optical disk is carried out forcibly, a limitation is generated in the 
numerical aperture in which the account rec/play student of the 2nd optical disk is possible. 
[0008] The record playback of two or more optical information record media by one condensing optical system 
can be carried out, it can realize with low cost and a simple configuration, and this invention aims at obtaining 
the objective lens for the optical pickup equipment for enforcing the record playback approach of the optical 
information record medium which can be equivalent also to the optical information record medium of further 
high NA, and this approach, and this pickup. 
[0009] 

[Means for Solving the Problem] As for the optical pickup equipment of this invention, the thickness of the 1st 
light information record medium of tl and a transparence substrate receives [ the thickness of a transparence 
substrate ] the 2nd light information record medium of t2 (however, t2 !=tl). In the optical pickup equipment 
which an information recording surface is made to condense the flux of light which carried out outgoing 
radiation from the light source through a transparence substrate by one condensing optical system, records 
information on an information recording surface, and is reproduced The 1st parting plane near the optical axis 
located in the center of this optical surface in at least one optical surface which constitutes the above-mentioned 
condensing optical system, It constitutes from an optical surface divided into the 3rd parting plane located on 
both sides of the 2nd parting plane between this 1st parting plane. The beam spot is formed according to the 
flux of light diffracted by the flux of light and the 2nd parting plane which passed the 1st parting plane of the 
above, and the 3rd parting plane when the thickness of a transparence substrate was record playback of the 1st 
light information record medium of tl. The beam spot is formed according to the flux of light diffracted by the 
flux of light and the 2nd parting plane which passed the 1st parting plane of the above when the thickness of a 
transparence substrate was record playback of the 2nd light information record medium of t2 (however, t2 !=tl). 
It is characterized by carrying out as [ be / the numerical aperture of the flux of light which passes along the 
optical-axis side edge / 0.35 or more ]. 

[0010] In the optical pickup equipment for enforcing the above-mentioned record playback approach the above- 
mentioned condensing optical system At least one optical surface which constitutes condensing optical system 
can divide up to 2ndn+l (however, n natural number) parting plane sequentially from the 1st parting plane near 
the optical axis. While using for record playback of the 1st light information record medium, and record 
playback of the 2nd light information record medium the 1st flux of light which passes the 1st parting plane of 
the above The flux of light which uses for record playback of the 1st light information record medium and 
record playback of the 2nd light information record medium the flux of light which passes an even number 
parting plane, and passes the odd number parting plane except the 1st parting plane is [001 1] mainly used for 
record playback of the 1st light information record medium. 

[Embodiment of the Invention] The 1st parting plane near the optical axis which can prepare the above- 
mentioned parting plane in an objective lens, and is located in the center of an optical surface, It constitutes 
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from an optical surface divided into the 3rd parting plane located on both sides of the 2nd parting plane between 
this 1st parting plane. The beam spot is formed according to the flux of light diffracted by the flux of light and 
the 2nd parting plane which passed the 1st parting plane of the above, and the 3rd parting plane when the 
thickness of a transparence substrate was record playback of the 1st light information record medium of tl . In 
case the thickness of a transparence substrate is record playback of the 2nd light information record medium of 
t2 (however, t2 !=tl), the beam spot can be formed according to the flux of light diffracted by the flux of light 
and the 2nd parting plane which passed the 1st parting plane of the above. 

[0012] At this time, an objective lens is set within the limits of the numerical aperture NA1 by the side of the 
optical information record medium which needs the thickness of a transparence substrate for record playback of 
the 1st light information record medium of tl. While the best wave aberration of the flux of light which made 
the 1st light information record medium condense through the transparence substrate of thickness tl designs the 
1st aspheric surface and a common refracting interface so that it may become below O.OSlambdarms The yield 
of the spherical aberration of the flux of light which the thickness of a transparence substrate made the 2nd light 
information record medium of t2 (however, t2 !=tl) condense by primary light The 1st diffraction side over said 
common refracting interface is designed so that the numerical aperture of the optical -axis side edge may be 0.35 
or more, so that it may become less than the yield of the spherical aberration at the time of making the 2nd 
optical information record medium condense through the 1st aspheric surface. When performing record 
playback of the 1st light information record medium, it cannot avoid that the flux of light for the 2nd light 
information record media diffracted by the diffraction side serves as the flare. If the incoming beams to an 
objective lens are Gaussian distribution, since the optical reinforcement near an optical axis is large, if 
numerical aperture is made small, a part with this large reinforcement will be diffracted, the spot quantity of 
light runs short, and, on the other hand, a bottom jitter gets worse. Therefore, as for the numerical aperture of 
the optical-axis side edge of the diffraction side which is the 2nd parting plane, it is desirable that it is 0.35 or 
more. It compounds so that the above-mentioned 1st diffraction side may be located in the part into which the 
about two above [ of the 1st aspheric surface of the above /NA ] flux of light passes through these 1st aspheric 
surfaces and the 1st diffraction side when numerical aperture by the side of the information recording surface of 
an objective lens required for record playback of the above-mentioned 2nd light information record medium is 
set to NA2 (however, NA2<NA1). It is desirable to design the shaft top radius of curvature of the 1st aspheric 
surface of the above and the shaft top radius of curvature of the above-mentioned 1st diffraction side as the 
same at this time, and, as for the 1st aspheric surface of the above, it is more desirable than the 1st diffraction 
side to compound for the best wave aberration of the flux of light which passed through the 1st aspheric surface 
located in an optical-axis side, and the thickness of a transparence substrate made the 2nd light information 
record medium of t2 condense to be below 0.071ambdarms. An example explains the configuration of an 
objective lens and it is more concretely carried out to a publication. 
[0013] 

[Example] With reference to a drawing, an example explains this invention to a detail further below. In advance 
of an example, the optical pickup equipment which carries out this invention is explained. Drawing 5 is the 
conceptual diagram showing the configuration of the optical pickup equipment which carries out this invention, 
and optical pickup equipment 10 consists of a two-dimensional actuator 15 for the semiconductor laser 1 1 
which is the light source, a polarization beam splitter 12, a collimator lens 13, the 1 / 41ambda plate 14, 
diaphragm 17, an objective lens 16, the cylindrical lens 18 that is an astigmatism component, a photodetector 
30, focal control, and tracking control etc. 

[0014] The flux of light from the semiconductor laser 1 1 which is the light source penetrates a polarization 
beam splitter 12, a collimator lens 13, and the 1 / 41ambda plate 14, turns into the parallel flux of light of the 
circular polarization of light, a rat tail is minded according to diaphragm 17, and it minds the transparence 
substrate 21 of an optical disk 20 with an objective lens 16, and is condensed on the information recording 
surface 22. It becomes convergence light again by the objective lens 16, the 1 / 41ambda plate 14, and the 
collimator lens 13, and reflects by the polarization beam splitter 12, and incidence of the reflected light bundle 
modulated by the information pit by the information recording surface 22 is carried out to a photodetector 30 
through a cylindrical lens 18. The reading signal of the information by which information record was carried out 
is acquired by the optical disk 20 using the output signal. On the other hand, the quantity of light distribution 
change by the formation of a form status change of the spot on a photodetector 30 is detected, and focus 
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detection and truck detection are performed. An objective lens 16 is moved in the direction perpendicular to an 
optical axis so that an objective lens 16 may be moved in the direction of an optical axis so that a focal error 
signal and tracking error signal may be generated by the arithmetic circuit which is not illustrated as everyone 
knows using the output from a photodetector 30 and the two-dimensional actuator 15 may carry out image 
formation of the flux of light on the information recording surface 22 based on this focus error signal, and 
image formation of the flux of light may be carried out to coincidence on a predetermined truck based on a 
tracking error signal. 

[0015] in such optical pickup equipment 10, in case the thickness of a transparence substrate carries out record 
playback of the 1st optical disk of tl, for example, the DVD, (tl=0.6mm), the beam spot forms circle of least 
confusion — as (best focus) — an objective lens 16 is driven with the two-dimensional actuator 15. Using this 
objective lens 16, by t2 (preferably 1 2> tl) in which the thickness of a transparence substrate differs from tl 
The 2nd optical disk with information recording density lower than the 1st optical disk, for example, in case 
record playback of the CD (t2=1.2mm) is carried out Spherical aberration occurs in what the thickness of a 
transparence substrate differs (it becomes it is desirable and large), and spot size cannot read the pit 
(information) of the 2nd optical disk greatly in the location (it is a back location from a paraxial-focus location) 
where the beam spot serves as circle of least confusion. However, in the before side location (front focus) near 
[ location / used as this circle of least confusion ] an objective lens 16, although the magnitude of the whole spot 
is larger than circle of least confusion, the flare which is unnecessary light is formed in the perimeter of the 
nucleus which the quantity of light concentrated on the center section, and a nucleus. This nucleus is used in 
order to read the pit (information) of the 2nd optical disk, and at the time of the 2nd optical disk record 
playback, the two-dimensional actuator 15 is driven so that it may be in a defocusing (front focus) condition 
about an objective lens 16. 

[0016] Next, in order to play the 1st optical disk and the 2nd optical disk with which the thickness of the above 
transparence substrates differs with one optical pickup equipment 10, the example which carried out this 
invention to the objective lens 16 is explained. Drawing 1 is the sectional view having shown the objective lens 
16 typically. In addition, the alternate long and short dash line shows the optical axis. The 1st optical disk 20 of 
illustration of the thickness tl of the transparence substrate is thinner than the thickness t2 of the transparence 
substrate of the 2nd optical disk, and its information recording density is larger than the 2nd optical disk. 
[0017] In this example, an objective lens 16 is a convex lens with the forward refractive power which both the 
field SI by the side of the light source and the refracting interface S2 by the side of an optical disk 20 presented 
the aspheric surface configuration. Moreover, the field SI by the side of the light source of an objective lens 16 
consists of the 1st parting plane Sdl of plurality (this example three) - the 3rd parting plane Sd3 an optical axis 
and in the shape of a said alignment. The boundary of parting planes Sdl-Sd3 prepares a level difference, and 
the hologram is formed in the 2nd parting plane Sd2. The flux of light (the 1st flux of light) which passes the 1st 
parting plane Sdl including an optical axis in this objective lens 16 is used for playback of the information 
recorded on the informational playback and the 2nd informational optical disk which were recorded on the 1st 
optical disk. Zero-order light mainly uses the flux of light (the 2nd flux of light) diffracted by the 2nd parting 
plane Sd2 outside the 1st parting plane Sdl for playback of the information by which the 1st optical disk and 
the primary diffracted light were recorded on the 2nd disk. The flux of light (the 3rd flux of light) which passes 
the 3rd parting plane Sd3 outside the 2nd parting plane Sd2 serves as a configuration which is used for playback 
of the information mainly recorded on the 1st optical disk. 

[0018] Thus, the 1st flux of light near the optical axis is used for playback of the 1st optical disk, and playback 
of the 2nd optical disk for the flux of light by which outgoing radiation is carried out from the light source. By 
using the 2nd flux of light outside the 1st flux of light for playback of the 1st optical disk and the 2nd optical 
disk, and mainly using the 3rd flux of light outside the 2nd flux of light for playback of the 1st optical disk It 
becomes reproducible [ the optical disk of plurality (this example two) ] by one condensing optical system 
about the light from the light source, suppressing quantity of light loss. And although the great portion of 3rd 
flux of light is unnecessary light at the time of playback of the 2nd optical disk, since this unnecessary light is 
not used for playback of the 2nd optical disk in this case, the diaphragm 17 is only made into numerical aperture 
required for playback of the 1st optical disk, and it can reproduce, without needing at all a means to change the 
numerical aperture of diaphragm 17. 

[0019] When it furthermore explains in full detail, the objective lens 16 of this example The 1st flux of light 
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which passes the 1st parting plane Sdl and the 3rd parting plane Sd3 in case the 1st optical disk is played (refer 
to drawing 2 ), the 3rd flux of light (flux of light shown with a slash), and the zero-order diffracted light of the 
2nd parting plane Sd2 Carrying out image formation to the almost same 1st image formation location, the wave 
aberration (wave aberration except the 2nd flux of light which passes the 2nd parting plane Sd2) has become 
below O.OSlambdarms. lambda is the wavelength of the light source here. Thereby, playback of the 1st optical 
disk is performed by the 1st flux of light, the 2nd flux of light, and the 3rd flux of light. 
[0020] At this time, image formation of the primary diffracted light (flux of light shown with a broken line) of 
the 2nd flux of light which passes the 2nd parting plane Sd2 is carried out to the different 2nd image formation 
location from the 1st image formation location. This 2nd image formation location will be made into -27- 
micrometer or more distance of -4 micrometers or less from the 1st image formation location, if the 1st image 
formation location is set to 0 (zero), an objective lens 16 side is made negative and it makes that opposite side 
more nearly forward than it (the 2nd image formation location is brought close to an objective lens from the 1st 
image formation location.). If spherical aberration will amend too much, a next door and the spot situation at the 
time of playback of the 1st optical disk will worsen, if -27 micrometers of this minimum are exceeded, and -4 
micrometers of upper limits are exceeded, the diameter of a spot at the time of playback of the 2nd optical disk 
and a side lobe will become large. In addition, although the 2nd image formation location was set to -27 
micrometers - -4 micrometers from the 1st image formation location in this example since it was t2 and 
tl<NAl> NA2, in tl>t2 and NAKNA2, the 2nd image formation location is set to 4 micrometers - 27 
micrometers from the 1st image formation location. 

[0021] moreover, in case the above-mentioned objective lens 16 is used for playback of the 2nd optical disk 
which has the transparence substrate of predetermined thickness (t2=1.2mm) The location at which the beam of 
light which passes near the optical axis among the 1st flux of light (an upward slash shows) crosses an optical 
axis in the case of the predetermined flux of light (parallel flux of light) which carries out incidence to an 
objective lens 166 as shown in drawing 2 , between the locations at which the beam of light which passes 
through the edge (the 2nd parting plane Sd2 side) of the 1st parting plane Sdl towards intersecting 
perpendicularly with an optical axis crosses an optical axis, the primary diffracted light of the 2nd flux of light 
(the bottom of a right shoulder shows with the slash of **) crosses an optical axis (image formation is carried 
out) - it becomes like. Therefore, the 1st flux of light and the 2nd flux of light are condensed near the 
information recording surface of the 2nd optical disk, and playback of the 2nd optical disk is performed. 
Although the 3rd flux of light (shown by the broken line to the middle) serves as the flare at this time, it 
becomes reproducible [ the 2nd optical disk ] by the nucleus formed by the 1st flux of light and the 2nd flux of 
light. 

[0022] Each flux of light which divided this invention so that it might correspond to each optical disk which 
reproduces the 2nd flux of light which uses for playback of all reproducible optical disks the 1st flux of light 
which passes near [ where a numerical aperture is small ] the optical axis, and passes outside the 1st parting 
plane when put in another way, and was divided is used for playback of each optical disk (this example the 1st 
and 2nd optical disk). Furthermore, the flux of light (this example the 3rd flux of light) which is separated from 
the 1st flux of light among the divided flux of lights is used for playback of an optical disk with a larger 
numerical aperture required in order to reproduce the information on an optical disk (this example the 1st 
optical disk). 

[0023] If such optical system (this example objective lens 16) is used, numerical aperture NA2 required for 
playback of the 2nd optical disk can be enlarged by becoming possible to play two or more disks with which the 
thickness of a transparence substrate differs by one optical system, and being able to set the diameter of a 
parting plane as arbitration. Moreover, quantity of light loss of the flux of light from the light source decreases 
by using the flux of light near the optical axis for playback of two or more optical disks. And at the time of the 
2nd optical disk playback, the side lobe of the beam spot is decreased, a nucleus with strong beam 
reinforcement is formed, and exact information is acquired. Furthermore, two or more disks can be played by 
one condensing optical system, without needing a special means to change the numerical aperture of diaphragm 
17. 

[0024] In addition, in this example, although parting planes Sdl-Sd3 and a diffraction side were established in 
the field SI by the side of the light source of an objective lens 16, you may prepare in the refracting interface by 
the side of a disk 20, and such [ one ] a function of the optical elements (for example, collimator lens 13 etc.) of 
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other condensing optical system may be given, and the optical element which still more newly has such a 
function may be prepared on an optical path. Moreover, it may decompose into a different optical element and 
the function of each parting planes Sdl-Sd3 may be prepared. 

[0025] Moreover, although the so-called objective lens 16 of the infinity system which used the collimator lens 
13 was used in this example, there is no collimator lens 13 and you may apply to an objective lens in which the 
emission light through the lens from which the emission light from the light source subtracts the emission 
degree of direct or emission light carries out incidence, and an objective lens with which the convergence light 
carries out incidence of the flux of light from the light source using the coupling lens changed into convergence 
light. 

[0026] Moreover, what is necessary is just to constitute not only from this but from at least three parting planes 
or more at this example, although the field SI was constituted from three parting planes Sdl-Sd3. For example, 
when [ this ] a field SI is constituted from five parting planes Sdl-Sd5, When the 2nd and 4th parting planes are 
made into a hologram and numerical aperture of the boundary of NA3, the 4th parting plane, and the 5th parting 
plane is set to NA4 for the numerical aperture of the boundary of the 3rd parting plane and the 4th parting plane, 
It is desirable to satisfy the conditions of 0.60(NA2) <NA 3< 1.3 (NA2) and 0.0KNA4-NA 3< 0.12. The disk 
of the big need numerical aperture as the 2nd optical disk can be played without this dropping the reinforcement 
of the optical spot which the 1st disk is made to condense. Furthermore, as for the upper limit of NA3, it is 
desirable practically that it is NA 3< 1.1 (NA2), and the minimum of NA3 has desirable 0.80(NA2) <NA3, and 
it is desirable practically to a pan that it is 0.85(NA2) <NA3. Moreover, as for the upper limit of NA4-NA3, it is 
desirable that it is NA4-NA 3< 0. 1 . 

[0027] Moreover, when an objective lens 16 is seen from the light source, although the hologram of the shape 
of an annulus of the shape of an optical axis and a concentric circle was prepared, it is not restricted to this but 
Fresnel may constitute the 2nd parting plane Sd2 from this example. In addition, one side of the flux of light 
divided into zero-order light and primary light is used for playback of the 1st optical disk, and another side is 
used for playback of the 2nd optical disk. At this time, the quantity of light of the flux of light used for playback 
of the 2nd optical disk may be enlarged. Furthermore, although the diffraction side which mainly uses zero- 
order light and primary light was established, it is good also as a diffraction side which considers as the 
diffraction side using primary light and secondary light, or uses high order light. 

[0028] The best wave aberration by the flux of light which passes the 1st parting plane Sdl and the 3rd parting 
plane Sd3 in this example in case the 1st disk is played (namely, when the transparence substrate of thickness tl 
is minded) Moreover, 0.051ambdarms It not only fills (however, the wavelength of the light source used in case 
lambda(nm) plays the 1st disk), but Furthermore, 0.071ambdarms whose best wave aberration by the flux of 
light which passes the 1st parting plane Sdl in case the 2nd optical disk is played (namely, when the 
transparence substrate of thickness t2 is minded) is a diffraction limitation The regenerative signal of the 2nd 
optical disk can be made good by filling (however, the wavelength of the light source used in case lambda(nm) 
plays the 2nd disk). 

[0029] Next, the spherical-aberration Fig. of an objective lens 16 is explained about the 2nd example with 
reference to drawing 3 which is drawing shown typically. In drawing 3 , (a) is the spherical aberration when 
minding playback, i.e., the transparence substrate of thickness tl, for the 1st disk, and (b) is the spherical 
aberration when minding playback, i.e., the transparence substrate of thickness t2 (this example 1 2> tl), for the 
2nd disk. The need numerical aperture by the side of the optical disk of condensing optical system required in 
order to reproduce the information on NA1 and the 2nd optical disk for the need numerical aperture by the side 
of the optical disk of condensing optical system required here in order to reproduce the information on the 1st 
optical disk NA2 The numerical aperture by the side of the optical disk of the flux of light which passes through 
a boundary with the parting planes Sd2 and Sd3 of neuroleptanalgesia and an objective lens 16 the numerical 
aperture by the side of (however, NA2<NA1) and the optical disk of the flux of light which passes through a 
boundary with the parting planes Sdl and Sd2 of an objective lens 16 is set toNAH. 
[0030] In addition, the part which, as for the 2nd example, the objective lens 16 indicated as the 1st above- 
mentioned example is looked at from another viewpoint (spherical aberration, a configuration, wave aberration, 
etc.), and is not indicated below is the same as that of the above-mentioned example. 

[0031] An objective lens 16 like the 1st example of the above designs the 1st aspheric surface (zona-orbicularis- 
like parting plane) of the 1st refracting interface SI, and the 2nd refracting interface S2 (common refracting 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention makes an information recording surface condense the flux of light which carried 
out outgoing radiation from the light source by condensing optical system, and relates to the design approach of the 
optical pickup equipment for enforcing the record playback approach of the optical information record medium which 
carries out record playback of the information on an optical information record medium, and this approach, its 
objective lens, and this objective lens. 
[0002] 

Pescription of the Prior Art] In recent years, development of DVD which is the optical information record medium of 
the high density made to large-capacity -ize in magnitude comparable as CD (compact disk) which is the conventional 
optical information record medium (it is also called an optical disk) was made with utilization of short wavelength red 
semiconductor laser. In this DVD, numerical aperture NA by the side of the optical disk of the objective lens when 
using 635nm short wavelength semiconductor laser is set to 0.6. In addition, DVDs are track pitch 0.74micrometer and 
the 0.4 micrometers of the shortest pit length, and densification is carried out to below one half to track pitch 
1.6micrometer of CD, and the 0.83 micrometers of the shortest pit length. Moreover, the optical disk of various 
specification, for example, CD-R(recordable compact disk) LD(laser disk) MD(mini disc) MO etc., (magneto-optic 
disk) is commercialized other than CD and DVD which were mentioned above, and it has spread. Need numerical 
aperture is shown with the thickness of the transparence substrate of various optical disks in Table 1. 
[Table 1] 

Optical disk Transparence substrate thickness (mm) Need numerical aperture NA (light source wavelength lambdanm) 

CD, CD-R (playback) 1 .20 0.45 (lambda= 780) 

CD-R (record, playback) 1 .20 0.50 (lambda= 780) 

LD 1.25 0.50 (lambda= 780) 

MD 1.20 0.45 (lambda= 780) 

MO (3.5 inches, 230MB) 1.20 0.55 (lambda= 780) 

MO (3.5 inches, 640MB) 1.20 0.55 (lambda= 680) 

DVD 0.60 0.60 (lambda= 635) 

[0003] Among the above-mentioned optical information record medium, about CD-R, although it is necessary to be 
lambda= 780nm in light source wavelength, being able to use the light source of wavelength other than the light source 
wavelength indicated to Table 1 in other optical disks, and need numerical aperture changing according to the 
wavelength to be used, for example, approximating by need numerical-aperture NA=lambda (micrometer) / 1 .06 in the 
case of need numerical-aperture NA=lambda (micrometer) / 1.73, and DVD, when it is CD is known well. 
[0004] Thus, since it corresponds to various optical disks with which size, substrate thickness, and recording density 
differ from operating wavelength etc. variously, the optical pickup equipment which is equipped with the condensing 
optical system corresponding to each different optical disk, and changes condensing optical system with the optical 
disk which carries out record playback is proposed. However, with this optical pickup equipment, two or more 
condensing optical system is needed, the drive for it not only causing cost quantity, but changing condensing optical 
system is needed, equipment is complicated, and there is a problem referred to as that that change precision is also 
required. 

[0005] Then, the optical pickup equipment which carries out record playback of two or more optical disks according to 
one condensing optical system is proposed variously. As one of them, when the refracting interface of an objective lens 
is divided into ring-like two or more fields and each parting plane carries out image formation of the beam to one of the 
optical disks with which thickness differs, the optical pickup equipment which carries but record playback is indicated 
by JP,7-302437,A. 

[0006] Moreover, at the time of the 2nd optical disk of the thickness t2 of a transparence substrate, the optical pickup 



equipment which forms a condensing spot where a few is defocused is indicated by JP,7-57271,A using the objective 
lens designed so that the wave aberration which the beam condensed has might become below 0.071ambda at the time 
of the 1st optical disk of the thickness tl of a transparence substrate. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in order that the optical pickup equipment of a JP,7-302437,A 
indication may divide the amount of incident light into two foci with one objective lens, it needs to enlarge a laser 
output and causes cost quantity. Moreover, at the time of the 2nd optical disk record playback, as for the optical pickup 
equipment of a JP,7-57271,A indication, the increment in the jitter by the side lobe takes place. With the objective lens 
• by which wave aberration wzz especi aUyrfiwde^sw Q^SZltmbA? "^itb *hc- 1 n optical disk, since record playback of 
the 2nd optical disk is carried out forcibly, a limitation is generated in the numerical aperture in which the account 
rec/play student of the 2nd optical disk Is possible. 

[0008] The record playback of two or more optical information record media by one condensing optical system can be 
carried out, it can realize with low cost and a simple configuration, and this invention aims at obtaining the objective 
lens for the optical pickup equipment for enforcing the record playback approach of the optical information record 
medium which can be equivalent also to the optical information record medium of further high NA, and this approach, 
and this pickup. 
[0009] 

[Means for Solving the Problem] As for the optical pickup equipment of this invention, the thickness of the 1st light 
information record medium of tl an J a *ransr~renc.' s —h^te r^eive* [ thickness of a transparence substrate ] the 
2nd light information record medium of t2 (however, t2 !=tl). In the optical pickup equipment which an information 
recording surface is made to condense the flux of light which carried out outgoing radiation from the light source 
through a transparence substrate by one condensing optical system, records information on an information recording 
surface, and is reproduced The 1st parting plane near the optical axis located in the center of this optical surface in at 
least one optical surface which constitutes the above-mentioned condensing optical system, It constitutes from an 
optical surface divided into the 3rd parting plane located on both sides of the 2nd parting plane between this 1st parting 
plane. The beam spot is formed according to the flux of light diffracted by the flux of light and the 2nd parting plane 
which passed the 1st parting plane of the above, and the 3rd parting plane when the thickness of a transparence 
substrate was record playback of the 1st light information record medium of tl . The beam spot is formed according to 
the flux of light diffracted by the flux of light and the 2nd parting plane which passed the 1st parting plane of the above 
when the thickness of a transparence substrate was record playback of the 2nd light information record medium of t2 
(however, t2 !=tl). It is characterized by carrying out as [ be / the numerical aperture of the flux of light which passes 
along the optical-axis side edge / 0.35 or more ]. 

[0010] In the optical pickup equipment for enforcing the above-mentioned record playback approach the above- 
mentioned condensing optical system At least one optical surface which constitutes condensing optical system can 
divide up to 2ndn+l (however, n natural number) parting plane sequentially from the 1st parting plane near the optical 
axis. While using for record playback of the 1st light information record medium, and record playback of the 2nd light 
information record medium the 1st flux of light which passes the 1st parting plane of the above The flux of light which 
uses for record playback of the 1st light information record medium and record playback of the 2nd light information 
record medium the flux of light which passes an even number parting plane, and passes the odd number parting plane 
except the 1st parting plane is [001 1] mainly used for record playback of the 1st light information record medium. 
[Embodiment of the Invention] The 1st parting plane near the optical axis which can prepare the above-mentioned 
parting plane in an objective lens, and is located in the center of an optical surface, It constitutes from an optical surface 
divided into the 3rd parting plane located on both sides of the 2nd parting plane between this 1st parting plane. The 
beam spot is formed according to the flux of light diffracted by the flux of light and the 2nd parting plane which passed 
the 1st parting plane of the above, and the 3rd parting plane when the thickness of a transparence substrate was record 
playback of the 1st light information record medium of tl , In case the thickness of a transparence substrate is record 
playback of the 2nd light information record medium of t2 (however, t2 !=tl), the beam spot can be formed according 
to the flux of light diffracted by the flux of light and the 2nd parting plane which passed the 1st parting plane of the 
above. 

[0012] At this time, an objective lens is set within the limits of the numerical aperture NA1 by the side of the optical 
information record medium which needs the thickness of a transparence substrate for record playback of the 1st light 
information record medium of tl . While the best wave aberration of the flux of light which made the 1 st light 
information record medium condense through the transparence substrate of thickness tl designs the 1st aspheric surface 
and a common refracting interface so that it may become below O.OSlambdarms The yield of the spherical aberration of 
the flux of light which the thickness of a transparence substrate made the 2nd light information record medium of t2 
(however, t2 !=tl) condense by primary light The 1st diffraction side over said common refracting interface is designed 



so that the numerical aperture of the optical-axis side edge may be 0.35 or more, so that it may become less than the 
yield of the spherical aberration at the time of making the 2nd optical information record medium condense through the 
1st aspheric surface. When performing record playback of the 1st light information record medium, it cannot avoid that 
the flux of light for the 2nd light information record media diffracted by the diffraction side serves as the flare. If the 
incoming beams to an objective lens are Gaussian distribution, since the optical reinforcement near an optical axis is 
large, if numerical aperture is made small, a part with this large reinforcement will be diffracted, the spot quantity of 
light runs short, and, on the other hand, a bottom jitter gets worse. Therefore, as for the numerical aperture of the 
optical-axis side edge of the diffraction side which is the 2nd parting plane, it is desirable that it is 0.35 or more. It 
compounds so that the zbcwz mentioned -Ut jiffou;'*. -.rds-t.?ay > ^J-ocatcc! \n the part into which the about two above 
[ of the 1st asphcriu-.^-Tacccf the above ' NA ] flux of light passes through these 1st aspheric surfaces and the 1st 
diffraction side when numerical apertaiw by the side of the information recording surface of an objective lens required 
for record playback of the above-mentioned 2nd light information record medium is set to NA2 (however, NA2<NA1). 
It is desirable to design the shaft top radius of curvature of the 1st aspheric surface of the above and the shaft top radius 
of curvature of the above-mentioned 1st diffraction side as the same at this time, and, as for the 1st aspheric surface of 
the above, it is more desirable than the 1st diffraction side to compound for the best wave aberration of the flux of light 
which passed through the 1st aspheric surface located in an optical-axis side, and the thickness of a transparence 
substrate made the 2nd light information record medium of t2 condense to be below 0.071ambdarms. An example 
explains the configuration of an objective lens and it is more concretely carried out to a publication. 
[0013] 

[Example] With reference to a drawing, an example explains this invention to a detail further below. In advance of an 
example, the optical pickup equipment which carries out this invention is explained. Drawing 5 is the conceptual 
diagram showing the configuration of the optical pickup equipment which carries out this invention, and optical pickup 
equipment 10 consists of a two-dimensional actuator 15 for the semiconductor laser 1 1 which is the light source, a 
polarization beam splitter 12, a collimator lens 13, the 1 /41ambda plate 14, diaphragm 17, an objective lens 16, the 
cylindrical lens 18 that is an astigmatism component, a photodetector 30, focal control, and tracking control etc. 
[0014] The flux of light from the semiconductor laser 1 1 which is the light source penetrates a polarization beam 
splitter 12, a collimator lens 13, and the 1 / 41ambda plate 14, turns into the parallel flux of light of the circular 
polarization of light, a rat tail is minded according to diaphragm 17, and it minds the transparence substrate 21 of an 
optical disk 20 with an objective lens 16, and is condensed on the information recording surface 22. It becomes 
convergence light again by the objective lens 16, the 1 / 41ambda plate 14, and the collimator lens 13, and reflects by 
the polarization beam splitter 12, and incidence of the reflected light bundle modulated by the information pit by the 
information recording surface 22 is carried out to a photodetector 30 through a cylindrical lens 18. The reading signal 
of the information by which information record was carried out is acquired by the optical disk 20 using the output 
signal. On the other hand, the quantity of light distribution change by the formation of a form status change of the spot 
on a photodetector 30 is detected, and focus detection and truck detection are performed. An objective lens 16 is moved 
in the direction perpendicular to an optical axis so that an objective lens 16 may be moved in the direction of an optical 
axis so that a focal error signal and tracking error signal may be generated by the arithmetic circuit which is not 
illustrated as everyone knows using the output from a photodetector 30 and the two-dimensional actuator 15 may carry 
out image formation of the flux of light on the information recording surface 22 based on this focus error signal, and 
image formation of the flux of light may be carried out to coincidence on a predetermined truck based on a tracking 
error signal. 

[0015] in such optical pickup equipment 10, in case the thickness of a transparence substrate carries out record 
playback of the 1st optical disk of tl, for example, the DVD, (tl=0.6mm), the beam spot forms circle of least confusion 
— as (best focus) — an objective lens 16 is driven with the two-dimensional actuator 15. Using this objective lens 16, by 
t2 (preferably 1 2> tl) in which the thickness of a transparence substrate differs from tl The 2nd optical disk with 
information recording density lower than the 1st optical disk, for example, in case record playback of the CD 
(t2=l 2mm) is carried out Spherical aberration occurs in what the thickness of a transparence substrate differs (it 
becomes it is desirable and large), and spot size cannot read the pit (information) of the 2nd optical disk greatly in the 
location (it is a back location from a paraxial-focus location) where the beam spot serves as circle of least confusion. 
However, in the before side location (front focus) near [ location / used as this circle of least confusion ] an objective 
lens 16, although the magnitude of the whole spot is larger than circle of least confusion, the flare which is unnecessary 
light is formed in the perimeter of the nucleus which the quantity of light concentrated on the center section, and a 
nucleus. This nucleus is used in order to read the pit (information) of the 2nd optical disk, and at the time of the 2nd 
optical disk record playback, the two-dimensional actuator 15 is driven so that it may be in a defocusing (front focus) 
condition about an objective lens 16. 

[0016] Next, in order to play the 1st optical disk and the 2nd optical disk with which the thickness of the above 



transparence substrates differs with one optical pickup equipment 10, the example which carried out this invention to 
the objective lens 16 is explained. Drawing 1 is the sectional view having shown the objective lens 16 typically. In 
addition, the alternate long and short dash line shows the optical axis. The 1st optical disk 20 of illustration of the 
thickness tl of the transparence substrate is thinner than the thickness t2 of the transparence substrate of the 2nd optical 
disk, and its information recording density is larger than the 2nd optical disk. 

[0017] In this example, an objective lens 16 is a convex lens with the forward refractive power which both the field SI 
by the side of the light source and the refracting interface S2 by the side of an optical disk 20 presented the aspheric 
surface configuration. Moreover, the field SI by the side of the light source of an objective lens 16 consists of the 1st 
parting plane Sdl of plurality (this ex,>:npi e^fee^^e ~ ♦ - J ^ar&^p! - iie ?ci3 an optical axis and in the shape of a said 
alignment. Ths bouD-Wisy of parting planes Sdl-Sd3 prepares a level difference, and the hologram is formed in the 2r/i 
parting plaice Sd2. The flux of light (tl.w 1st flux of light) which passes the 1st parting plane Sdl including an optical 
axis in this objective lens 16 is used for playback of the information recorded on the informational playback and the 
2nd informational optical disk which were recorded on the 1st optical disk. Zero-order light mainly uses the flux of 
light (the 2nd flux of light) diffracted by the 2nd parting plane Sd2 outside the 1st parting plane Sdl for playback of the 
information by which the 1st optical disk and the primary diffracted light were recorded on the 2nd disk. The flux of 
light (the 3rd flux of light) which passes the 3rd parting plane Sd3 outside the 2nd parting plane Sd2 serves as a 
configuration which is used for playback of the information mainly recorded on the 1st optical disk. 
[0018] Thus, the 1st flux of light near the optical axis is used for playback of the 1st optical disk, and playback of the 
2nd optical disk for the flux of lighl lv ' J h o£'z'' "-Z racV^ion h cr-'^i out from the light source. By Using the 2nd 
flux of light outside the 1st flux of light for playback of the 1st optical disk and the 2nd optical disk, and mainly using 
the 3rd flux of light outside the 2nd flux of light for playback of the 1st optical disk It becomes reproducible [ the 
optical disk of plurality (this example two) ] by one condensing optical system about the light from the light source, 
suppressing quantity of light loss. And although the great portion of 3rd flux of light is unnecessary light at the time of 
playback of the 2nd optical disk, since this unnecessary light is not used for playback of the 2nd optical disk in this 
case, the diaphragm 17 is only made into numerical aperture required for playback of the 1st optical disk, and it can 
reproduce, without needing at all a means to change the numerical aperture of diaphragm 17. 
[0019] When it furthermore explains in full detail, the objective lens 16 of this example The 1st flux of light which 
passes the 1st parting plane Sdl and the 3rd parting plane Sd3 in case the 1st optical disk is played (refer to drawing 
2 ), the 3rd flux of light (flux of light shown with a slash), and the zero-order diffracted light of the 2nd parting plane 
Sd2 Carrying out image formation to the almost same 1st image formation location, the wave aberration (wave 
aberration except the 2nd flux of light which passes the 2nd parting plane Sd2) has become below O.OSlambdarms. 
lambda is the wavelength of the light source here. Thereby, playback of the 1st optical disk is performed by the 1st flux 
of light, the 2nd flux of light, and the 3rd flux of light. 

[0020] At this time, image formation of the primary diffracted light (flux of light shown with a broken line) of the 2nd 
flux of light which passes the 2nd parting plane Sd2 is carried out to the different 2nd image formation location from 
the 1st image formation location. This 2nd image formation location will be made into -27-micrometer or more 
distance of -4 micrometers or less from the 1 st image formation location, if the 1 st image formation location is set to 0 
(zero), an objective lens 16 side is made negative and it makes that opposite side more nearly forward than it (the 2nd 
image formation location is brought close to an objective lens from the 1st image formation location.). If spherical 
aberration will amend too much, a next door and the spot situation at the time of playback of the 1st optical disk will 
worsen, if -27 micrometers of this minimum are exceeded, and -4 micrometers of upper limits are exceeded, the 
diameter of a spot at the time of playback of the 2nd optical disk and a side lobe will become large. In addition, 
although the 2nd image formation location was set to -27 micrometers - -4 micrometers from the 1st image formation 
location in this example since it was t2 and tl<NAl> NA2, in tl>t2 and NAKNA2, the 2nd image formation location 
is set to 4 micrometers - 27 micrometers from the 1st image formation location. 

[0021] moreover, in case the above-mentioned objective lens 16 is used for playback of the 2nd optical disk which has 
the transparence substrate of predetermined thickness (t2=1.2mm) The location at which the beam of light which passes 
near the optical axis among the 1st flux of light (an upward slash shows) crosses an optical axis in the case of the 
predetermined flux of light (parallel flux of light) which carries out incidence to an objective lens 166 as shown in 
drawing 2 , between the locations at which the beam of light which passes through the edge (the 2nd parting plane Sd2 
side) of the 1st parting plane Sdl towards intersecting perpendicularly with an optical axis crosses an optical axis, the 
primary diffracted light of the 2nd flux of light (the bottom of a right shoulder shows with the slash of **) crosses an 
optical axis (image formation is carried out) ~ it becomes like. Therefore, the 1 st flux of light and the 2nd flux of light 
are condensed near the information recording surface of the 2nd optical disk, and playback of the 2nd optical disk is 
performed. Although the 3rd flux of light (shown by the broken line to the middle) serves as the flare at this time, it 
becomes reproducible [ the 2nd optical disk ] by the nucleus formed by the 1st flux of light and the 2nd flux of light. 



[0022] Each flux of light which divided this invention so that it might correspond to each optical disk which reproduces 
the 2nd flux of light which uses for playback of all reproducible optical disks the 1st flux of light which passes near 
[ where a numerical aperture is small ] the optical axis, and passes outside the 1st parting plane when put in another 
way, and was divided is used for playback of each optical disk (this example the 1st and 2nd optical disk). Furthermore, 
the flux of light (this example the 3rd flux of light) which is separated from the 1st flux of light among the divided flux 
of lights is used for playback of an optical disk with a larger numerical aperture required in order to reproduce the 
information on an optical disk (this example the 1st optical disk). 

[0023] If such optical system (this example objective lens 16) is used, numerical aperture NA2 required for playback of 
the 2nd optical disk be barged by be' cnii n disks with which the thickness of a 

transparence substrate differ by one op r ical system, and being able to set the diameter of a parting plane as arbitrager.. 
Moreover, quantity of light loss of the liux of light from the light source decreases by using the flux of light near. the 
optical axis for playback of two or more optical disks. And at the time of the 2nd optical disk playback, the side lobe of 
the beam spot is decreased, a nucleus with strong beam reinforcement is formed, and exact information is acquired. 
Furthermore, two or more disks can be played by one condensing optical system, without needing a special means to 
change the numerical aperture of diaphragm 1 7. 

[0024] In addition, in this example, although parting planes Sdl-Sd3 and a diffraction side were established in the field 
SI by the side of the light source of an objective lens 16, you may prepare in the refracting interface by the side of a 
disk 20, and such [ one ] a function of the optical elements (for example, collimator lens 13 etc.) of other condensing 
optical system may be given, and the c~tica! clcir ;~~t v/Jr.rh-'ti 1 ! tn^r* newly has such a function may be prepared on an 
optical path. Moreover, it may decompose into a different optical element and the function of each parting planes Sdl- 
Sd3 may be prepared. 

[0025] Moreover, although the so-called objective lens 16 of the infinity system which used the collimator lens 13 was 
used in this example, there is no collimator lens 13 and you may apply to an objective lens in which the emission light 
through the lens from which the emission light from the light source subtracts the emission degree of direct or emission 
light carries out incidence, and an objective lens with which the convergence light carries out incidence of the flux of 
light from the light source using the coupling lens changed into convergence light. 

[0026] Moreover, what is necessary is just to constitute not only from this but from at least three parting planes or more 
at this example, although the field SI was constituted from three parting planes Sdl-Sd3. For example, when [ this ] a 
field SI is constituted from five parting planes Sdl-Sd5, When the 2nd and 4th parting planes are made into a hologram 
and numerical aperture of the boundary of NA3, the 4th parting plane, and the 5th parting plane is set to NA4 for the 
numerical aperture of the boundary of the 3rd parting plane and the 4th parting plane, It is desirable to satisfy the 
conditions of 0.60(NA2) <NA 3< 1.3 (NA2) and 0.0KNA4-NA 3< 0.12. The disk of the big need numerical aperture 
as the 2nd optical disk can be played without this dropping the reinforcement of the optical spot which the 1st disk is 
made to condense. Furthermore, as for the upper limit of NA3, it is desirable practically that it is NA 3< 1.1 (NA2), and 
the minimum of NA3 has desirable 0.80(NA2) <NA3, and it is desirable practically to a pan that it is 0.85(NA2) <NA3. 
Moreover, as for the upper limit of NA4-NA3, it is desirable that it is NA4-NA 3< 0.1. 

[0027] Moreover, when an objective lens 16 is seen from the light source, although the hologram of the shape of an 
annulus of the shape of an optical axis and a concentric circle was prepared, it is not restricted to this but Fresnel may 
constitute the 2nd parting plane Sd2 from this example. In addition, one side of the flux of light divided into zero-order 
light and primary light is used for playback of the 1st optical disk, and another side is used for playback of the 2nd 
optical disk. At this time, the quantity of light of the flux of light used for playback of the 2nd optical disk may be 
enlarged. Furthermore, although the diffraction side which mainly uses zero-order light and primary light was 
established, it is good also as a diffraction side which considers as the diffraction side using primary light and 
secondary light, or uses high order light. 

[0028] The best wave aberration by the flux of light which passes the 1st parting plane Sdl and the 3rd parting plane 
Sd3 in this example in case the 1st disk is played (namely, when the transparence substrate of thickness tl is minded) 
Moreover, 0.051ambdarms It not only fills (however, the wavelength of the light source used in case lambda(nm) plays 
the 1st disk), but Furthermore, 0.071ambdarms whose best wave aberration by the flux of light which passes the 1 st 
parting plane Sdl in case the 2nd optical disk is played (namely, when the transparence substrate of thickness t2 is 
minded) is a diffraction limitation The regenerative signal of the 2nd optical disk can be made good by filling 
(however, the wavelength of the light source used in case lambda(nm) plays the 2nd disk). 

[0029] Next, the spherical-aberration Fig. of an objective lens 16 is explained about the 2nd example with reference to 
drawing 3 which is drawing shown typically. In drawing 3 , (a) is the spherical aberration when minding playback, i.e., 
the transparence substrate of thickness tl, for the 1st disk, and (b) is the spherical aberration when minding playback, 
i.e., the transparence substrate of thickness t2 (this example 1 2> tl), for the 2nd disk. The need numerical aperture by 
the side of the optical disk of condensing optical system required in order to reproduce the information on NA1 and the 



2nd optical disk for the need numerical aperture by the side of the optical disk of condensing optical system required 
here in order to reproduce the information on the 1st optical disk NA2 The numerical aperture by the side of the optical 
disk of the flux of light which passes through a boundary with the parting planes Sd2 and Sd3 of neuroleptanalgesia 
and an objective lens 16 the numerical aperture by the side of (however, NA2<NA1) and the optical disk of the flux of 
light which passes through a boundary with the parting planes Sdl and Sd2 of an objective lens 16 is set to NAH. 
[0030] In addition, the part which, as for the 2nd example, the objective lens 16 indicated as the 1st above-mentioned 
example is looked at from another viewpoint (spherical aberration, a configuration, wave aberration, etc.), and is not 
indicated below is the same as that of the above-mentioned example. 

[0031] An objective lens If like the !st«aw»iole-.of Jhf ^ho\"$.-j»*aig«ss.thr ^st aspheric surface (zona-orbicularis-like 
parting plane) rf tiiC Izl rcfro.cting interface S 1 , and the 2nd refracting interface S2 (common refracting interface) so 
that the best wave aberration of the flux of light which the thickness of a transparence substrate made the 1st optical 
disk of tl condense may become below O.OSIambdarms first. The spherical aberration of the lens obtained by this 
design is drawing 3 (a). And zero-order light does not affect spherical aberration at the time of the 1st optical disk use, 
but the 2nd refracting interface S2 (common refracting interface) remains as it is, and designs the 1st diffraction side so . 
that the primary diffracted light may serve as spherical aberration fewer than the yield ( drawing 3 (c)) of spherical 
aberration when the thickness of a transparence substrate makes the 2nd optical disk of t2 (t2 !=tl) condense through 
the lens which has this 1st aspheric surface. At this time, as for the paraxial radius of curvature of the 1st diffraction 
side, and the paraxial radius of curvature of the 1st aspheric surface, it is desirable to make it the same in order to play 
the 2nd optical diskjeproduced ir $*z sf? f ^ o f d?foaHng rpri; The T^rical aberration at the time of making the 2nd 
optical disk of the lens obtained by this design condense is drawing 3 (d), and the aberration Fig. of the lens at the time 
of making the 1st optical disk condense with this lens is drawing 3 (a). And the 1st diffraction side is compounded with 
about two need numerical aperture NA of the 2nd optical disk of this 1st aspheric surface. 

[0032] therefore, as a field configuration in the refracting interface SI of this objective lens 16 It becomes the aspheric 
surface configuration (the 1st aspheric surface) where the 3rd parting plane Sd3 outside the 1st parting plane Sdl and 
the 1st parting plane Sdl including an optical axis is the same. The 2nd parting plane Sd2 between the 1st parting plane 
Sdl and 3rd parting plane Sd3 (about two numerical aperture NA required for playback of the 2nd optical disk, i.e., 
neuroleptanalgesia-NAH) serves as a different field configuration from the 1st parting plane Sdl and the 3rd parting 
plane Sd3. The obtained lens turns into the objective lens 16 of this example, the spherical -aberration Fig. at the time of 
making the 1st optical disk condense using this objective lens 16 serves as drawing 3 (a), and the spherical-aberration 
Fig. at the time of making the 2nd optical disk condense serves as drawing 3 (b). 

[0033] As mentioned above, the objective lenses 16 obtained in this example are at least two opening locations near the 
numerical aperture NA2 (neuroleptanalgesia and NAH), and they are constituted so that two or more disks with which 
the thickness of a transparence substrate differs can be played by one condensing optical system, and spherical 
aberration may change to discontinuity. Thus, since it was made for spherical aberration to change to discontinuity, it is 
the range of each numerical aperture (in this example, an optical axis - neuroleptanalgesia the 1st parting plane). The 
flux of light (this example the 1st flux of light - the 3rd flux of light) which passes the 2nd parting plane of NAH and 
the 3rd parting plane of NAH-NA1 can be constituted from neuroleptanalgesia in arbitration. It becomes possible to use 
for playback of two or more optical disks of all, that reproduce the 1st flux of light, and to use the 2nd flux of light and 
the 3rd flux of light for playback of a predetermined optical disk among two or more optical disks, respectively, two or 
more optical disks by one condensing optical system (this example objective lens 16) — reproducible - low cost - and 
it can carry out without complicating, and it can respond also to the optical disk of further high NA. And that what is 
necessary is just to prepare as extracted and corresponded in 17 to NA1 which is high NA, even if numerical aperture 
required for optical disk playback changes (to NA1 or NA2), it is not necessary to establish at all a means to change 
diaphragm 17. In addition, when it sees in the spherical -aberration Fig. "from which spherical aberration changes to 
discontinuity", it says that a rapid change of spherical aberration is seen. 

[0034] Furthermore, when the direction which changes to the discontinuity of spherical aberration is seen from small 
numerical aperture to large numerical aperture, in numerical aperture neuroleptanalgesia, it becomes a negative 
direction, and spherical aberration has become [ spherical aberration ] a positive direction with numerical aperture 
NAH. While playback of the optical disk of the thickness tl of a thin transparence substrate becomes good by this, 
playback of the optical disk of the thickness t2 of a transparence substrate thicker than this can carry out good. In 
addition, although spherical aberration changes to a negative direction in numerical aperture neuroleptanalgesia in a 
positive direction and changes to discontinuity with numerical aperture NAH as mentioned above since it is t2>tl and 
NA1>NA2 in this example, when it is tl and t2<NAl> NA2, with numerical aperture NAH, in numerical aperture 
neuroleptanalgesia, spherical aberration will change. to a negative direction in a positive direction, and will change to 
discontinuity. 

[0035] Furthermore, in case the 2nd optical disk of the thickness t2 of a transparence substrate is played, when making 



it the spherical aberration (spherical aberration by the flux of light diffracted by the 2nd parting plane Sd2) of a before 
[ from numerical aperture neuroleptanalgesia / numerical aperture NAH ] serve as forward, the S characteristics of 
optical pickup equipment 10 improve. In addition, although it was made for the spherical aberration of a before [ from 
numerical aperture neuroleptanalgesia / numerical aperture NAH ] to serve as forward in this example since it was tl 
and t2<NAl> NA2, in tl and t2<NAl> NA2, it is good to consider as negative. 

[0036] Moreover, the wave aberration of the objective lens 16 of this example is shown in drawing 4 . It is the wave 
aberration curve to which drawing 4 took wave aberration (lambda) along the axis of ordinate, and took the numerical 
aperture along the axis of abscissa, and (a) expresses wave aberration when (b) minds the transparence substrate 
(thickness t2) of the 2nd optica! disk f^tf- oZ S5intfijQ^th^trasr.p"-r-nce substrate (thickness tl) of the 1st optica 1 
disk with the e:jntu;~.:.us V -v?, In addition, this wave aberration measures and obtains wave aberration using an 
interferometer etc. in the condition o: becoming the best wave aberration, when each transparence substrate is minded. 
[0037] If the objective lens 16 of this example is seen with a wave aberration curve, wave aberration serves as 
discontinuity by two with a numerical aperture [ NA ] of about two places (they are specifically neuroleptanalgesia and 
NAH), so that drawing 4 (b) may show. Moreover, when it is expressed with the unit (mm) of die length, when the 
amount of discontinuity of the greatest wave aberration generated into the part used as discontinuity is expressed with 
the unit (rad) of a phase, it is desirable [ the amount / below 0.05(NA2) 2 (mm) ] to carry out to below 2pi{0.05(NA2) 
2} / lambda (rad) (lambda in however, this case operating wavelength a unit mm). Fluctuation of the wave aberration 
by wavelength variation becomes large, and it becomes impossible to absorb the variation in the wavelength of 
semiconductor laser more than by this. Fvr*h-~c5ff * n di~~*i^n the wave aberration of the part (between 
neuroleptanalgesia and NAH(s)) of this discontinuity differs from the inclination of the curve (broken line of drawing 4 
(a)) which connects the edge of the curve of the both sides of the part used as discontinuity. In addition, although 
parting planes Sdl-SD3 were formed in the field SI by the side of the light source of an objective lens 16 in this 
example, you may prepare in the refracting interface by the side of an optical disk 20. 

[0038] Moreover, although the so-called objective lens 16 of the infinity system which used the collimator lens 13 was 
used in this example, it is good also by objective lens in which the emission light through the lens from which there is 
no collimator lens 13 and the emission light from the light source subtracts the emission degree of direct or emission 
light carries out incidence, and objective lens with which the convergence light carries out incidence of the flux of light 
from the light source using the coupling lens changed into convergence light. 

[0039] In this example, in case the 1st aspheric surface is designed The best wave aberration by the flux of light which 
passes the 1st parting plane Sdl and the 3rd parting plane Sd3 when the transparence substrate of thickness tl is 
minded as mentioned above 0.051ambdarms (However, wavelength of the light source used in case lambda (nm) plays 
the 1st disk) It not only considers as the following, but 0.071ambdarms whose best wave aberration by the flux of light 
which passes the 1st parting plane Sdl when the transparence substrate of thickness t2 is minded is a diffraction 
limitation The 2nd optical disk regenerative signal can be made good by designing so that (however, the wavelength of 
the light source used in case lambda(nm) plays the 2nd disk) may be filled. 

[0040] Next, the example in the optical pickup equipment which has the two light sources from which wavelength 
differs is shown. Although the optical pickup equipment of drawing 5 used the one light source 1 1 1, the optical pickup 
equipment 10 shown in drawing 6 uses two of the light sources 1 1 1 and 112. The same sign shows the same component 
as the component in drawing 5 . For playback of the 1st optical disk, it has the 2nd semiconductor laser 1 12 
(wavelength lambdal=740nm-870nm) which is the 2nd light source in the 1st semiconductor laser 1 1 1 (wavelength 
lambdal=610nm-670nm) which is the 1st light source, and playback of the 2nd optical disk. Moreover, the synthetic 
means 1 9 is a means which can compound the flux of light by which outgoing radiation was carried out from the 1 st 
semiconductor laser 111, and the flux of light by which outgoing radiation was carried out from the 2nd semiconductor 
laser 112, and in order that it may make an optical disk 20 condense both the flux of lights through one condensing 
optical system, it is a means made into the same optical path. 

[0041] First, when playing the 1st disk, outgoing radiation of the beam is carried out from the 1st semiconductor laser 
111, and the flux of light by which outgoing radiation was carried out penetrates the synthetic means 19, a polarization 
beam splitter 12, a collimator lens 13, and the quarter-wave length plate 14, and turns into the parallel flux of light of 
the circular polarization of light. A rat tail is minded according to diaphragm 17, it minds the transparence substrate 21 
of the 1st optical disk 20 with an objective lens 16, and this flux of light is condensed on the information recording 
surface 22. And the flux of light which the information pit became irregular and was reflected by the information 
recording surface 22 penetrates an objective lens 16, the quarter-wave length plate 14, and a collimator lens 13 again, 
and they carry out incidence to a polarization beam splitter 12, and it reflects here, astigmatism is given by the 
cylindrical lens 18, incidence is carried out to up to a photodetector 30, and the reading signal of the information 
recorded on the 1st optical disk 20 using the signal outputted from a photodetector 30 is acquired. Moreover, the 
quantity of light distribution change by the formation of a form status change of the spot on a photodetector 30 is 



detected, and focus detection and truck detection are performed. While moving an objective lens 16 in the direction of 
an optical axis so that the two-dimensional actuator 15 may carry out image formation of the flux of light from 
semiconductor laser 1 1 1 on the information recording surface 22 of the 1st optical disk based on this detection, an 
objective lens 16 is moved in the direction perpendicular to an optical axis so that image formation of the flux of light 
may be carried out to a predetermined truck. 

[0042] On the other hand, when playing the 2nd disk, outgoing radiation of the beam is carried out from the 2nd 
semiconductor laser 1 12, and the flux of light by which outgoing radiation was carried out has an optical path changed 
by the synthetic means 19, and is condensed on the 2nd optical disk 20 after that through a polarization beam splitter 
12, a collimator hi\z \Z, the quarter ,va?<"* ! cmi.j*!: plr.i: 1 \ diaphrug"?- 1". and an objective lens 16. And incidence of the 
flux of light wriich .hw ir. formation pir became irregular and was reflected by the information recording surface 22 
again carried out to up to a photodetector 30 through an objective lens 16, the quarter-wave length plate 14, a 
collimator lens 13, a polarization beam splitter 12, and a cylindrical lens 18, and the reading signal of the information 
recorded on the 2nd optical disk 20 using the signal outputted from a photodetector 30 is acquired. Moreover, the 
quantity of light distribution change by the formation of a form status change of the spot on a photodetector 30 is 
detected, and focus detection and truck detection are performed. While moving an objective lens 16 in the direction of 
an optical axis so that the two-dimensional actuator 1 5 may carry out image formation of the flux of light from 
semiconductor laser 1 12 in the state of defocusing on the information recording surface 22 of the 1st optical disk based 
on this detection, an objective lens 16 is moved in the direction perpendicular to an optical axis so that image formation 
of the flux of light may be carried out to a predetermine! truck.,. ' 
[0043] An objective lens like a previous example is used for the objective lens 16 which is one of the condensing 
optical system of such optical pickup equipment 10. That is, it is the convex lens with which an objective lens 16 has 
the forward refractive power which both the field SI by the side of the light source and the refracting interface S2 by 
the side of an optical disk presented the aspheric surface configuration, and the field SI by the side of the light source 
consists of the 1st parting plane Sdl of plurality (this example three) - the 3rd parting plane Sd3 on an optical axis and 
this alignment, and the boundary of parting planes Sdl-Sd3 prepares a level difference. And the 1st parting plane Sdl 
and the 3rd parting plane Sd3 It forms in the 1 st aspheric surface where the best wave aberration of the flux of light 
which outgoing radiation was carried out [ wave aberration ] from the 1st light source 111, and made the 1st optical 
disk condense becomes below O.OSlambdarms. Moreover, the 2nd parting plane It forms in respect of diffraction so that 
it may become spherical aberration fewer than the yield of spherical aberration when the thickness of a transparence 
substrate makes the 2nd optical disk of t2 (t2 !=tl) condense the flux of light of the 2nd light source 1 12 through the 
lens which has the 1st aspheric surface. It considers as the objective lens which compounded the diffraction side to 
neuroleptanalgesia-NAH which is about two need numerical aperture NA of the 2nd optical disk of this 1st aspheric 
surface. Since the obtained objective lens 16 will have the same configuration as a previous example, an operation, and 
effectiveness except for the following points and the two light sources are used further, it faces playing two or more 
optical disks, and a degree of freedom becomes large. 

[0044] In this example, since the two light sources 1 1 1 and 1 12 are used, the following desirable range differs from a 
previous example, namely, t — 1= 0.6mm t 2= 1.2mm and 1< 670nm of 610 nm<lambda, 2< 870nm of 740 
nm<lambda, and 0.4 - < — it is desirable to fulfill the conditions (for 0.80 (NA2) to be desirable practically as for this 
minimum 0.60 (NA2), and it to be desirable that it is further 0.85 (NA2).) of 0.60(NA2) <neuroleptanalgesia<l.l 
(NA2) to set to NA 2< 0.51. If this minimum is exceeded, a side lobe will become large, informational exact playback 
cannot be performed, but if an upper limit is exceeded, it will be extracted too much more than the diameter of a 
diffraction marginal spot assumed in wavelength lambda2 and NA2. In addition, neuroleptanalgesia as used in the field 
of here points out neuroleptanalgesia on the 2nd parting plane Sd2 when using the 2nd light source 1 12. 
[0045] Moreover, it is desirable to fulfill the conditions of 0.01<NAH-neuroleptanalgesia<0.12 (as for this upper limit 
0.12, it is still more desirable practically that it is 0.1.). If this minimum is exceeded, the spot configuration at the time 
of playback of the 2nd optical disk will get worse, and if the diameter of a side-lobe spot becomes large and exceeds an 
upper limit, the spot configuration at the time of playback of the 1st optical disk will cause turbulence and a quantity of 
light fall. In addition, NAH here and neuroleptanalgesia point out NAH and neuroleptanalgesia on the 2nd parting 
plane Sd2 when using the 2nd light source 112. 

[0046] Moreover, it is desirable that the spherical aberration between numerical aperture neuroleptanalgesia and ■ 
numerical aperture NAH fulfills -2 (lambda 2)/(NA2) 2 or more and 5 (lambda 2)/(NA2) 2 or less conditions at the time 
of playback of the 2nd optical disk (when the transparence substrate of the thickness of t2 is minded). Furthermore, it is 
desirable that this condition is larger than 0 (zero) if 3 (lambda 2)/(NA2) 2 or less is desirable in playback or record is. 
also taken into consideration (playback is also possible, of course ). If spherical aberration will amend too much, the 
spot configuration at the time of the 1st optical disk playback of a next door will get worse, if this minimum is 
exceeded, and an upper limit is exceeded, the spot configuration at the time of playback of the 2nd optical disk will get 



worse, and the diameter of a side-lobe spot will become large. As for especially this condition, it is still more desirable 
to satisfy the range of 0 - 2 (lambda 2)/(NA2) 2, and a focal error signal is obtained good in this case. 
[0047] Moreover, when it sees from another viewpoint, they are the conditions (as for this minimum 0.60 (NA2), 0.80 
(NA2) is desirable practically) of 0.60(NA2) <NA 3< 1.1 (NA2). it is desirable that it is further 0.85 (NA2). While it is 
satisfied, between the numerical aperture NA3 by the side of the optical disk of the objective lens 16 with which are 
satisfied of the conditions of 0.0KNA4-NA 3< 0.12 (preferably 0.1), and numerical aperture NA4 neuroleptanalgesia 
and NAH which were mentioned above are prepared (that is, the parting plane mainly used for playback of the 2nd 
optical disk is prepared.). They are things. The optical disk of the big need numerical aperture as the 2nd optical disk 
can be played without thi: dropping :He,;einK};xei^^^ rp-* which the 1st optical disk is made to 

condense. 

[0048] Especially, by t2>tl and NAI>NA2, when it sees from an optical axis to a circumferencial direction, in 
numerical aperture neuroleptanalgesia, the intersection of the normal of a refracting interface and an optical axis 
changes to discontinuity in the direction approaching the refracting interface by the side of the light source, and it is 
changing to discontinuity with numerical aperture NAH in the direction in which the intersection of the normal of a 
refracting interface and an optical axis gets away from the refracting interface by the side of the light source. While 
playback of the optical disk of the thickness tl of a thin transparence substrate becomes good by this, playback of the 
optical disk of the thickness t2 of a transparence substrate thicker than this can carry out good. 
[0049] Moreover, it sets to the objective lens 1 6 which has two or more parting planes (this example three parting 
planes) divided an optical axis ;^ai II I?-.:: !.< pe^f & r&ii :!:^in;ent k :me [ at least ] field like a previous example when * 
this example is seen from another viewpoint. When it is made for the light which penetrated the 1st parting plane Sdl, 
and the light which penetrated the 3rd parting plane Sd3 to serve as the almost same phase through the transparence 
substrate of predetermined thickness (the 1 st optical disk), The light which penetrated the 1st parting plane Sdl and 
minded the transparence substrate, and the light of the 2nd parting plane Sd2 which penetrated the 2nd parting plane 
Sd2 by the side of an optical axis, and minded the transparence substrate from the mid gear mostly, ** - about - phase 
reference -- pi (**1L) (rad) ~ ** - carrying out -- the -- three ~ a parting plane -- Sd - three - penetrating - 
transparence - a substrate ~ having minded - light - said ~ a mid gear - an optical axis -- a side - the opposite side — 
the — two -- a parting plane — Sd - two - penetrating - transparence — a substrate - having minded - light - ** -- 
phase contrast - pi (**1H) (rad) — ** - carrying out — if - > (**1H) (**1L) - being satisfied . this case - the above - 
the same - the case of tl>t2 and NA1>NA2 - < (**1H) (**1L) - ** - it carries out. Therefore, it considers as != 
(**1H)(**1L). 

[0050] In addition, it is not restricted to the description about this examples, such as forming parting planes Sdl-Sd3 in 
the refracting interface SI of an objective lens 16, using the objective lens of an infinity system, preparing a level 
difference in a parting plane, the number of parting planes, and a field configuration of the 2nd parting plane, like a 
previous example. Moreover, although the i st light source 1 1 1 and the 2nd light source 1 12 were compounded with the 
synthetic means 19, it is not restricted to this but the light source 1 1 may be made to change to the 1st light source 1 1 1 
and the 2nd light source 1 12 in the optical pickup equipment shown in drawing 1 . 

[0051] Moreover, when the 1st optical disk is played in this example 0 The best wave aberration by the flux of light 
which passes the 1st parting plane Sdl and the 3rd parting plane Sd3 when the transparence substrate of thickness tl is 
minded Namely, 0.051ambdarms It not only fills (however, the wavelength of the light source used in case lambda(nm) 
plays the 1st optical disk), but Furthermore, 0.07lambdarms whose best wave aberration by the flux of light which 
passes the 1st parting plane Sdl in case the 2nd optical disk is played (namely, when the transparence substrate of 
thickness t2 is minded) is a diffraction limitation The regenerative signal of the 2nd optical disk can be made good by 
filling (however, the wavelength of the light source used in case lambda(nm) plays the 2nd optical disk). 
[0052] In addition, when this applicant for a patent used for the optical pickup equipment shown in a previous example, 
playback of CD as the 2nd optical disk was also possible in the objective lens 16 in this example, at the light source of 
the same wavelength not to mention playback of DVD as the 1st optical disk. The light source of wavelength lambda 1 
is used for the objective lens 16 of this example. The thickness of the 1st light information record medium of tl and a 
transparence substrate Namely, t2 [ the thickness of a transparence substrate ] While being able to make it condense on 
the information recording surface of the 2nd light information record medium of (t2 !=tl [ however, ]), even if it is the 
case where the light source of wavelength lambda 2 (however, lambda2 Hambdal) is used, it can condense on the 
information recording surface of the 2nd light information record medium. The objective lens used for the optical 
pickup equipment (it corresponds to the light source with a wavelength of 610nm - 670nm and the light source with an 
indispensable to CD-R wavelength of 780nm for DVD) which sets playback of CD-R to DVD by this using the two 
light sources from which wavelength differs, The objective lens used for the optical pickup equipment (it corresponds 
to the light source with a wavelength of 6 1 Onm - 670nm) which carries out playback of DVD or CD by the one light 
source can be communalized, and low cost-ization accompanying mass production method can be realized. In addition, 



that it can communalize in this way needs to satisfy neuroleptanalgesia indicated in the previous example, and the 
conditions of NAH, even if the wavelength of the light source changed into lambda 1 from lambda 2. 
[0053] In addition, in this example, although it can consider as one photodetector 30 and a configuration can be 
simplified since the 1st light source 1 1 1 and the 2nd light source 1 12 are used for the almost same scale factor, it may 
be made to correspond to each light sources 111 and 1 12, two photodetectors may be formed, and a scale factor may be 
changed further. 

[0054] Hereafter, the lens data of one example at the time of applying this invention to the refracting interface by the 
side of the light source of an objective lens 16 are shown. DVD (thickness tl=0.6mm of a transparence substrate, 
required numerical aperture NA 1= 0 *f- -jinw: V. 635mVi) >-ms?- V3 the 1st optical disk, as the 2nd optical disk ~ Cn 
(thickness t2-?:.2ir.n-, required numerical aperture NA 2= 0.366 (lambda= 635nm), or NA 2= 0.45 (lambda- 780:^; of 
a transparence substrate), or CD-R (uiickncss [ of a transparence substrate ] t - 2= 1.2mm) Required numerical 
aperture NA 2= 0.50 (lambda= 780nm) (in however, the case only of playback NA 2= 0.45 (lambda= 780nm)) will be 
used. In addition, in the example of the following objective lenses 16, since a collimator lens 13 can carry out incidence 
of the parallel flux of light of non-aberration mostly to an objective lens 16 by making a design the optimal, after the 
parallel flux of light carries out incidence to an objective lens 16 in the following examples, a configuration is shown. 
The diaphragm arranged at the light source side of an objective lens 16 is made into the 1st page. The radius of 
curvature of the i-th lens side sequentially from here Moreover, ri, It is di (at the time of CD playback, when unstated 
[ changing to the numeric value, when di' has a publication and ], it is the same as di.) about the distance between the i- 
th field at the time of DVD playback, and ' : i+ ! st f -Ms. The refrr^ve index in the wavelength of the flux of light of 
the laser light source of the spacing is expressed with ni. Moreover, when the aspheric surface is used for an optical 
surface, it shall be based on the formula of the aspheric surface mentioned above. 

[0055] (Example 1) An example 1 is the objective lens 16 carried in the optical pickup equipment 10 of the 1 light 
source of the previous example mentioned above, and is an example which carried out this invention to the objective 
lens 16 which prepared the level difference in the boundary of the 1st parting plane Sdl - the 3rd parting plane Sd3. In 
this example, the aspheric surface shall be based on a degree type. 
[Equation 1] 

X= l + Vl- + (H/r)* + ? A d 

However, X sets the shaft of the direction of an optical axis as an optical axis, a vertical shaft, and the travelling 
direction of light, H considers as forward, and, for r, paraxial radius of curvature and kappa are [ an aspheric surface 
multiplier and Pj of a cone number and Aj ] the numbers of **** of the aspheric surface (however, Pj>=3). In addition, 
the formula of other aspheric surfaces other than an upper type may be used. In case it asks for the formula of the 
aspheric surface from an aspheric surface configuration, using an upper type, Pj is made into the natural number of 10 
>= pj>=3, and it asks as kappa= 0. Moreover, the 1 st diffraction side shall be expressed as a thin film of a high 
refractive index, an optical-path-difference function - phi(h) =Clh2+C2h4+C2h6+C4h8+C5hl0 - expressing » the 
amount of shaving from a substrate side - L={plVi(h)+ilambda}/(n-l) i= 0, and 1 and 2 - it is ... 
[0056] 
[Table 2] 

Wavelength 650nm 780nm A focal distance 3.36 3 .39 The diameter of drawing phi= 4.04mm Objective lens lateral 
magnification 0 i ri di di' nini' 1 infinity 0 1 1 2 2.1 14 2.2 1.5377 1.5337 3 -7.963 1.757 1 1 4 infinity 0.6 1.2 1.58 1.58 
5 infinity [Table 3] 

Aspheric surface data The 2nd page Aspheric surface section 0<=H<=1.321 (the 1st parting plane) 
1.532<=H (the 3rd parting plane) 

(Aspheric surface multiplier) kappa = [ -1.1372 ] A 1 =-0.30074x10-3 Pl= 3.0 A2= 0.43633x10-2 P2= 4.0 A3= 
0.79005x10-2 P3= 5.0 A4=-0.49422xl0-2 P4= 6.0 A5= 0.12018x10-2 P5= 7.0 A6= 0.25012x10-4 P6= 8.0 A7=- 
0.18446x10-4 P7=10.0 Hologram section 1 321<=H<=1.532 (the 2nd parting plane) 

(Aspheric surface multiplier) kappa = [ -1.1372 ] A 1 =-0.30074x10-3 Pl=3.0 A2= 0.43633x10-2 P2= 4.0 A3= 
0.79005x10-2 P3= 5.0 A4=-0.49422x 1 0-2 P4= 6.0 A5= 0. 12018x10-2 P5= 7.0 A6= 0.25012x10-4 P6= 8.0 A7— 
0.18446x10-4 P7=10.0 (optical-path-diffcn>nce multiplier) CI =-0.10423x10-3 C2= 0.25757x10-3 C3=-0.20235xl0-3 
C4= 0.44453x10-4 C5=-0.39336xl0-5 The. 3rd page (aspheric surface multiplier) kappa =-0.23984xl02Al=- 
0.25083x10-2 Pl= 3.0A2= 0.10598x10- 1 l'2= 4.0 A3= 0.45136x10-2 P3= 5.0 A4=-0.726 17x10-2 P4= 6.0 A5=- 
0.15133x10-3 P5= 7.0 A6= 0.13381x10-2 P6= 8.0 A7=-0.1 1 1 1 xlO-3 P7=10.0[0057] Moreover, the spherical- 
aberration Fig. (henceforth the time of CD playback) when minding the transparence substrate of thickness t2 (= 
1.2mm) for the spherical-aberration Fig. (henceforth the time of DVD playback) when minding the transparence 
substrate of thickness tl (= 0.6mm) (a) (b) is shown. Moreover, the wave aberration Fig. when seeing the wave 
aberration Fig. when seeing in the condition of having defocused in the location where the best wave aberration at the 



time of DVD playback is obtained by dr;r .in- A (a) in the condition of having defocused in the location where the best 
wave aberration at the time of CD playbn*''; is obtained by drawing 4 (b) is shown. The amount of wave aberration 
within 0.0251ambdarms and the 1st parti nu plane at the time of CD use of the amount of wave aberration of NA1 at the 
time of DVD use is 0.0541ambdarms. Mo.vover, the relative intensity distribution map of a condensing spot when the 
best spot configuration at the time of DVi playback is acquired by drawing 7 (a) is shown, and the relative intensity 
distribution map of a condensing spot \vh i ho host spot configuration is acquired by drawing 7 (b) at the time of CD 
playback is shown. 
[0058] 

[Effect of the Invention] it explained in IV" ilciaii - ?,s -Ms ; rvention » setting - record playback of two or 
more optk-r iiiion.u^i'jii record m.^dia by rue condensing optical system -- it can do -- low cost - and it can renin** 
without complicating, and it can respond ; 'so to the optical information record medium of further high NA. 
Furthermore, in this invention, generating spherical aberration can be used positively and one condensing optical 
system can perform record playback of tu * ^r more optical information record media. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3 in the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section of the objective lens for optical pickup equipments of this invention, and the 
focusing situation to the 1st light information record medium is shown. 

[Drawing 2] It is the cross section of the objective lens for optical pickup equipments of this invention, and the 
focusing situation to the 2nd light information record medium is shown. 

[Drawing 3] It is the explanatory view showing the amendment situation of the spherical aberration of each 
parting plane of the objective lens of this invention. 

[Drawing 4] It is the aberration Fig. showing the amendment situation of the wave aberration of each parting 
plane of the objective lens of this invention. 

[Drawing 5] It is the conceptual diagram showing an example of the configuration of optical pickup equipment 
which carries out this invention. 

[Drawing 6] It is the conceptual diagram showing other examples of the configuration of the optical pickup 
equipment which carries out this invention. 

[Drawing 7] It is the graph which shows relative intensity distribution of the objective lens of this invention of 
the best spot configuration. 
[Description of Notations] 

1 1 Semiconductor Laser 12 Deviation Beam Splitter 

13 Collimator Lens 14 1 / 4Lambda Plate 

15 Actuator 16 Objective Lens 

17 Drawing 18 Cylindrical Lens 

19 Flux of Light Composition Means 20 Optical Disk 

21 Transparence Version 22 Information Recording Surface 

30Photodetector 



[Translation done.] 
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<0JP3*<tlfc#|&£t2 (#*L<ttt2>t 1 ) T 

mmm&mmiitTJX?* o i>&^m2%T<x 

7. 09i.(fCD (t2=l. 2mm) iSBRtetSmz 
X*y MMX#*£<Sfi23fcT<X:?<9b-yh (fl? 

ant^sesj: imm-yxi 6izi&^m®tm <.m 
m%x'b&yuTti>mi$.zti&. z\ffym-m2%y : A 

XtWvh (mm) SKtrfcJWSHJBU 3523^4 
x^EHS^i^fctt. ^lxyXieSrx?*- #x 
(fifty) W&tz%hXo\iZ2ftjtT?**x.-9 15 

[0016] ±1E?>J; 3$3§Bf««tf>JS£tf#l>3r 
1 3tr 4 X9 1 &2%t < X? £• 1 o?«fcf ■/ 9T 

y-rmmi otm&tiiah^ m»uyxi 6t*^ 

*LTV>*. 0*O®13tT-fX^2Ott. 

w&mztm. m2co^4x?0Mymfc<?)mzt 
2£*)t>m<. mm&mmm2%Tjx7£*)i>± 

[0017] xmmMiz&^x. mauyxi 6«. 3t 
»c7)ffis i ts£ifftT<x ? 2 om^mtnm s 2 

S. *rtoPyXl6<%^ffl<9BSl{i3^ll 
<frRttBk (^lte0IIT1i3o) <7>35l#§iJffiSd 1~ 
3B#gfflSd3a>£>fllJ£S*vO^. #M®Sd 1~ 
S d 3 WJg^mgHSrmtfT . *^ 2 Sd2t 

fcwc . 3£tt£#tfl?S 1 #S0fflS d 1 Zffiir?Z> 

<»i**> \miytT<x? izmmtcti\mcr>mi 
t5£vm2%T<( x?izimzti£®®<r>mLiz#m 

U miftWmsdlX*)ft®com2ftWmsd2XlB\ 

mtihxm (m2%M) lizuzod&tvmxr < x 
9*5 £vi &@sf3ta*s&2T < x9\z^mt\Si.<m.<r> 

S^fcfflJBU Sg2#MiBSd2J:9MIO$S3#1§« 
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8 

Sd3£iljg-t&3l£5ll (8535130 liifcSHftx-fX 

?tzmztitzffl«(r)miizmm-t2> x o%B&t%^ 

[0018] znx 0 ic. %m*t>\a>mtit%3iz. 
mmmm 1 mitts 1 m < x?<r>m&xvm2 
^<x?<m&zim\.. m\m.xmwr>m2K 
mi&iK74x?&£vm2%Tjx7(omiizmm 
u &2m.xwm<n&3m.t:3Lizmitf < X? 
(rm&zmmh ; 1 1 x 0 . ^s^^^^3K«8* 

10 l^m3BK^^-C«S(^ISfi0!lT'{±2 
m23KT-fX^<OS*I^Wi^33l£S^a5*tt^ 
WfflS^V^-C. SO 1 7Z$b\%rr<X9<7)?mz 

&m:fflnmzLxt><tdvx\ m 1 7<orapa^ 

[0019]$ ^fcfftiWS i: . ^UtCT^^WVX 

1 6ii. miieT-fx^s-s^-r&igfctt <02#as) 
^i^sots d 1 i5xv&3ftmms d 3 ^iffig-ri.^ 

2^SWS d 2 £0 O#0iff5fti. JJff^-com 1 ISfcft 

gtc^m l . -e^awKn ( m 2 s d 2 zm&? 

6^23EmS:^V^ffilRII) 0. 05ArmsJa 

<fco. mi3ts. m2%!ifi}5Xxsm3%%TmiftT< 
x?<vmim%hti&. 

[0020] z<Dtz. m2ftmmsd2$:mc?&& 
2%3i<7)iimm% (ffl&T^ztL&XM) mm 
&<mtim%^fzm2m.{miziffi.-t?>. zcom2 
30 trntmumtmomzo (*) tL-c. ztixw 

) . zw-m-2 7um&Mz.z>k. jmtmnffi 

JELiirt^O. m\^4X7vmE&i<?>XXvY#. 
wm<%*). £1z. ±m-4um*Ml&t. &2% 
TiXfnm&fOXXv *M Fa-X*^< 
*mmx&. tl<t2> N A 1 >NA 

2?ww, m2t?i&{mz&migLimfrt>-27 

40 um- — tl>t2 N NAKNA2 
<r>$&\i. m2imm.*mmmLW.fr t> 4 //m~2 
7/xm(Ct"l«. 

[ 0 0 2 1 ] £lz. ISUnmul' yX16 £@f^<35g§ 
(t2 = l. 2mm) VWmfcZItt &m2%rf < X? 

rtmnz&m&mz^ m2\,z^tx^zmnvyx 
1 6 ^zxmhi^ffym. wmsi) <r>n&. m\ 
m. (^mupocrmuT^t) coo*>mmt:m& 

mift®msdicoi%% {m2#mffisd2®) 
50 ?&mtf%mtivbh{mtcDfflz. m2m. (trw 
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it. ft2^4x?<mm&mmtizm&ix. t&2 

%T4X9coM4iVft%btiZ>. ZCOb*. 3S33EK 
J%tiXVm2m.Tl&tfLZtl?>mzX m2ftr4X9 

[0022] mwt& t , *mm. ffln&o'bz 

All, »2*r< x?) 3£>fc. * 

4x9 (*$mm'i±miitT<x?) com. 

H*WCti83#Sll) WWW*. 

[0023] m «k a^rft?^ (*n»«rfcttwiiw>' 
xi 6 > zm^i msB^xztfw&hwm&f 

4X9^i^co^m:mthZblM^bts: r )^ 20 
fc, &Miz^WmmW^X'^?>ZbizX*). SB23frf 

4 x? comitz>£m%ffin&ti a 2 < -rs c t a* 

X9Z1 ^coWtfemxm-fh £ t tfTZ h . 
[0024] 3^QtWTIi. #SnBSdl~Sd 30 
3*iJ:WlttfH*«»v^xi 6«>%gfli0iis 1 tzwt 
7* 4 X9 2 OfflwS^fffi^tTt i < % 4 

yXl 3&k) mofci?>J:3&^£m:-£Tt>J: 

*B±Wft»fCfcJ:v\ 4fc, ##80KSdl~Sd3 

[0 0 2 5] 4fc. *3diWTIi» rj»J^-^uyXl 
3*JfllrVfc» Vvb^£«^O^W:xX16£ffll<Vft 
3U^-^UyXl3^<, %Stt>608tt£jP 40 

[ 0 0 2 6 ] 4£. *3«Wtti, IBS 1 £ 3o*>#8!l 
jBSdl-SdST-flDSLt^ £*tf=RM\ 4*SK 

5 1 £ 5-?«7)^SiJffiSd l~Sd 5T«j£Lfc.ro*§ 
£\ »2*Jj:l«B44MHiii**n^?Akl^ ^3^SH 
ifk»44HMSW)«!W«lP»*NA3, *44HBMi: 50 
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Sg5^SWfc<0«^<0lSPaJrNA4fcUJtfc§, 0. 
60 (NA2) <NA3<1. 3 (NA2) . 0. 01 
<NA4-NA3<0. 1 2C0&tt£ffi%.-t&Zbtfn 
4U\ <r*Uc«kD. mT<rx?£ft££-fr&£xsK 
vf*>3«£*i:'*£fc=ar<. *2*r-f X?k LTi 
9 $r#g§5IP&<9T 4X9 *mz?h Z t tfffi* 
S&fc, NA3<0±R»iNA3<l. 1 (NA2) 

80 (NA2) <NA3tftf4L<. 8 5 

(NA2) <NA3?fc«£fc#g|fflJhjGFiU\ 4 
7t. NA4-NA3<0_hRte, NA4-NA3<0. 1 

x-hhztmtLw 

[0027] 4^. *mmcit* m&t>miu>x 

commtco*v9'yJ*£m.\tti&. Ztiizm^tvf. y 
U*/l/T«l£LTfcJ:H. 0&3fcfc l&ftfcttt 
Jtt*«<0-^»13tT^X^^H4tiHfflU. flfcfr 
£31231^ -fX?WW£fc*lJ»t6. m2% 

T4 x9<nmmzmmhm.<witA*iz% < txhx 

S^fc:. ±H0»:5Kt l»3tfc*Wffl-rsiiI*fiii& 
RHtoft 1 . 1 Wtb 2d&££mmi-&®fflub Lt: 0 . 

m&tzmm-t&<mwb Lxt»x». 

[00 28] 4fc, *H*fe^fcV^T. mir-fX^^ 

%)m ^sijbs d i h i.v&3 vtms d 3 zmst 
a (nm)imiT4X9*n&.'tz>miz®m-ri> 

X7£H4rrsit! (^r**>%. t 2^0flffiR5r^ 
Lfcfc # ) » 1 ^»Sd l &jijart63K«t i 
«[SJRI^lHlfflS*Tfc&0. 07 Arms (fcfc'U 
A (nm) Ji^2T-fX^SrB^^|gtffiffl-ri.3KiS 

tm&) ifflztzbtzx*). ^2^tf4X9cnmm 
^miz-t^ Z b . 
[0029] <xiz. m2<7mmiz-y\,^x. msu>x 

1 6<0«fflJHHH^«SWt^Lfc@rfcSH3«-#!!g 
UTRW*. 03fcfcWC (a) {imir-fX^SrS 
4, -r^i?*>«$ 1 1 OBID1&K&4-U: t §<0«tBJR 

h-cj>o. (b) iim27 : <x9zmi. m 
$t2 (*iafc0rrot2>ti) commm-frt^ 
bzmmnx&T&z. zzx. m%T4X9<n>m 

&mii-&t:Mz^%Mm&%co%~r4 x?flo& 
»MNA1. ^23Kx-fX^coiiffi^S^-r^ 

w^eii«fe3isi^««eT < x9mr»mmmk n 

A2 (fc^L, NA2<NA 1 ) , m»UyXl6CO^ 

SiIjiiSdifcSd2i: <n®RZWk?h%3l(?tftT 4 x 
^fflJO^DScSrNAL. JmwyXl6^SWSd2 

k s d 3 bwmzw&frhim.vtftr 4 x9m<mu 
muAHbi-h. 

[ 0 0 3 0 ] &*S. m 2<0HifeCTIl±E<0a 1 HJS^k 
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1 1 

[oo3i] uem i $mm<?> x o uyxie 
it. t-r. T&jmmmzwt iffmi %T4x?izm 

3fc3#fc3^<O&J|&BDJR3l#0 . 0 5 A rmsfclTi 
=5rS«t otI&lSJriBS lojfn##ffl (l&Sftfcfrg'l 
iB) fcSS2JgiffBiS2 (ftfflJS*fiii) £f£H"r6. £o 
^£iD#feftfcl^X^#BBlR3ia>*03 (a) X$> 

SPyX5-^-LT^HS«<Off$*«t2 (t2*tl) 
(03 (c) ) £*)i>. >J>%^Wffiimb%Z£5£m 

2g*ffflS2 (mmmmm) a^ttxmimm* 

mm<omitom¥&timt{zi-hZttf. f7t-* 

IS23Kx^^^t^$-l^i:#c7)«BpJR||*503 20 
(d) it. ZV>]s>Xxmi3tT4 x?lzM 

%&ttt%v>\s>x<r)nmmtm3 (a) * 

LT. ^<Olgl^«ffi^23li-f-fX^Oi^fflPStN 
A 2i£#-e8 1 0*nB££j£1-S . 
[00 32] ftot. Z<r>nmV>Xl 6OE0ffflSl 
fcfcft&SBBtffc LT(i. ft»Sr#tflg l#g"JBS d l 

fcus i d i x *)>m<7)t%3ftmms d 3 tun 

dlfcgr3#giJffiSd3fctf>ia (m2ftx-fX7?>?i42 
t^g^nStNA2jg^ -T&fc^ NAL—NA 30 
H)<9£l2#8!|BSd2t±. m#HffiSdliJj;tfSfS 
3#fiJfflSd3£:tefl3r£®»«i:5:&. W&hfcl/V 

xtf*mmmmisyxi6t%*). z.<r$mvvx 

H0li03 (a) fcfcD* S&23fcr-< 
fc#eo«jBJRit0JJ03 (b) fc&S. 
[00 3 3]±aLfciatc. *SBtMfc*iv>T»6*i 
tztmuyXl 6HL BP*NA2«8fi«*>a>fc<i:t, 
2o<7)iafil(NALJ:NAH) "C. jgBBSKtfO^S 

tfus zmuvT 4X9*1 ooaaa^-csfeTS 40 

. z<7)£o &mmt#*&H&yfct6 Xoizl 
tX0X\ #«<DlBP&tf>3SB (*$mMXK%Mt~~NA 
L^lttSOT. NAL*>*>NAH<082#SJffl. NA 
H~NA1<0*f53#W £jI3§-fl.ftj{e (^USCTT 

1 m.~~m 3 5ts ) £ffst«fj£-r h z t #aj*. 
ib 1 m&mL-t hmemr 4 x^xm^mm 
u m2m.nxvmimzzix?ixw&<vitf4x 
?<r>o vffiLmrf <x? ammmm s z 1 

l^mm^^i^mmxiimuyxi 50 
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6 ) Xim<rmfr 4 X9*mi\&*. ffi^x bjtPOfiSi 
*tJET#&. Ld»bKDl7& SNATS>5NAltC 

m? h x 0 izmiz mxx <.tttr<x 
w^mmtpmL (nai^v^na2»o uttix 

m 1 75r^k$-frS^aSrM^>^tl.^<»=3r 

vmsvs^t z tzi&m&miRmvmw&^ixh z 
[oo34]$ *>iz. mwttmo^miz&it-t&jjfo 

□ISNAL-C««HJRII*^^|6jt. HPSNAHT- 

tttc, ztiXK>m^mms.(omzt2(oftT<<x? 

(T)Wki) t &mzft%oZttflil*&. =3rtJ, *HMSfi»lT 
«t2>tl. NAl>NA2TJbi)>ti6fc. ±aL-t 
iot«ffiJRH*i. ^PSNALT(i^^|fi]fc. ^P 

SNAH-C<ljE^[6|fc:^a^t^-rS*^ t2<t 
1, NAl>NA2co^i. SPStNALT»±iEc7)* 
mz. ISPStNAH-C«m«*|6l(C«IiJR||*q^t 

[0035] $^>t. mmfocomzt2?>m2ftT4 
x?&mL-?&mz\^ ispjaNAL*^spiaNAH 

iTOSw«iiiJRII (SB2^SWSd2tJ: ommti 

tzmuzxifmwM) ifnEt%h£?iz-f&ztiz£ 

fc. *m^mTlit2<t 1. NA1>NA2W^ 
«>C SPgCNAL*>/5>^PStNAHiTOScO«ffiJK 
^WEt^rSidtLTt^ t2<tl. N A 1 >NA 

[0036] ttz. xmimcrttmuyxi 6comsw. 

m®4 tZTxt. 04»JJSHttfc«BJRH ( A ) x tmiz 

mnm t ^it^m^mmxh o . ( a ) am 1 3Kt 

-fX^<03BBa«(5§tl)?r^L^i;#Sr. (b) 
\m2^tfAX9<r)mmSL (S$t2) S:^-L^t& 

[ 0 0 3 7 ] 04 ( b ) »t>b&t>£olz^ XmmWO 

mn-yxi6ii, &mwmw8iX'fi-&t, ibpsna 
Mzm.i-&m;v>mam<v*wg&\t. *$<o#a 

(mm) Xm-t. 0.05 (NA2) 2 (mm) Ul 
T\ ffl«(rad)t$tL 2jt <0. 05 

(NA2) 2 } /X (rad)HT(fcCU 
A(±ffiffl«[^-C#(ilimm) ft6^t*«S*U^ i 
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h. ZO^mffffift (NALfcNAHco^) J: 9#£iRil#^;^toflaffi&3 Oi'vAMU ftt& 

lllltacOJga55:t£^fl)«l (04 ( a ) £085*8) CD«£ fc« 0fcfefi2*X*^^WR9fl^#£ftS. 

j*fr->Tv>*. ^t^xii^giMsd i~sd 3t«iajS3 o±-cwx^-y homtamzt h%s$m 

3^wmvyxi 6ffymm<msuzmmzifi. wtztoftixitmiii^hyvmiiiZftZo. z<r> 

4X9 2 omcommmizmfxh £\.\ manzM^x2d^cr^i-^-^ 1 5**, *m&i> 

[0038] 4fc, ^USSflTli. 3y*-*l^Xl — f 1 1 1 jK><%Ble£m3feT 4 X?tfHf!$gie$liB2 

3S:fflv^, ^mhm&nmivyxi ezm^fi: 2±.iztmi-z>xoizmtu>xi 6£#*i#flfc8» 

HSBt^Alrt-S J: d SrJttijU'X^ 3ft8*>A>cD3Bil [ 0 0 4 2 ] -3k 8 2 t 4 X? 82 

£jRft5tfc35e-rs# »r y y/i/yxijBv\ *<oik *#*i/~y 1 1 2*^b--A^aj#L. ajwsfifcft 

S*3fc#A8ffS i o%msu>Xiz£->xi>i\,\ Mt^mm 9lz£ *)%MZ3£3e.2ti. *<v&. «7t 

[0039] *nrat:iJv^T. mummzmt-th \l-j*x7v-/?i2. ?y*-?u>xi 3. 1/4 

8Sl#g<lffiSdlfclii3#i«Sd3£)ia^&3^fc r-f X? 2 0±te£#3*l.S. <eLT. ffifRfE£iBi2 2 

iSS&ftWKHtfO. 0 5 A rms (fcfc'U A ( n -etiBgt-y btcj: 9£fl3*l.TR8tL*:3tegWU Stffcf 

m) li8lT-fX^&S*-n.KfcflEffl-r^)li<0« «5UyX16. 1/4&£«14. ^)*-5WX\ 
*) KTl:-t*«»tt«r<, »St 2«iiP«WKt*L 20 3, fflftb'-Axr'J »/* 1 2. WliMrVX 

Kt%%\mms&\*wh^hm&z£hmmm i8$-^LT3t«ajS3 0±^Aitu. ft&atft3oa> 

JRH* { lHl*fKffTj)S0. 0 7Arms (fcfc'U A feiB*3*L4«#*«Vvc»2#T"f*?2 0<CB*S 

( n m ) »i»2-r* X? *H4*&Rt«»r4*«« fcfcflMaKMR 9tt9*lt6*l* . *t&JtS3S3 

zmz? x o izmttft* oz\ttz£9.f&23£ oix'vxx*, v<m$3mz£ h%Mm®fc zm, 

^<x?wm^*m\iz-thzttfx'%h. tx^mmm^h^ymta^n^o. zcontmzm^ 

[0 04 0] acfc. m*om%&2~xr)%MZftt&% \^x2ttjtT-7^?.x.-? \ 5&. fi 12 

ty?T-y TgSKfctt&IIJfc#l£S^\ H5<7)3te- y *^cO3^^13tT-fX^i0if«S»ffi2 2±t7 I 7 

?T-y TgWilooftSl 1 lSrfflv^to-Cftofe * — #xft®'Ct£(£"f 5 J: o fcttfol' :xX 1 6^3t«fc^ 
06«=^-r3Kh- yi?T y7-^SlO{i3KSl Ilk i: hiz. %3£*m%<?>h7 vtizttm. 

1 1 2<7>2o£fflv>|>. B5+<0«^i:^t*WRt 30 J: dK^tHjUVXl 6£3^SI#;frfi£#ift$ 

SSHl^ttU— Fl 1 1 (»SAl = 6 10nm~6 [ 0 04 3 ] ZCOX d=53fct 777^1 0<02fcft 

70nm) t, 823Kr-fX^coH4fflfc:|g23tS-C* ^^lo-C^SW^VXl 6fc. SfccOHSfcflfcOJ: 

SaS2¥**W- -T112 (jfcgAl = 74 0nm~8 3 SriWKH'XfcJBHi. t**>^, fcHSjl^Xl 6 

70nm) fc£3fLTV^>. £j£#gl9{i. 8 tt, 3fc$HB<0ffiS 1 tJilXatx-f X?m<7>EVrffiS 2»2 

i^«ci^-if 1 1 i*>^ai»$^3t^fc82^«c ^zimmm^^^LtziEnmm^^i-hauyxT 

V—fl 1 2*>f>aj3t3fi*:ft5tifc ^jS-rs^k*J»r J>0. 3K&ffl!l<0ffiS 1«. 3HtfcB*J:«Hft 

ig^aTi)oT. mm& \^(r>mtmm:i\i.x wx\*3^) <v%iftmmsd\-%i3ftmms&3fr 

^ix?2o\izm&^htdt>\,z, m-imt-r^ $>®fSLZti. ^soasd i~sd 3o^isnsr^t 

WiXht. 40 S. -J-LT. mi^S0iBSdli5i^3^SiMSd3 

[0041] 4-r. mT<x?*mE.-th%&. m mi3tsi 1 ifrt,mtxmi%rr-< x^zmt 

*ti^jS#ai 9, ffltv-^xrvv* 1 2. ay^t Si^ilMItMU 82^SWfi. 8 

-?VVX\3. l/4Sft«14SrS3iLTne3t<?) l#«ffl£#^£^yXS::frLTSS2#Sl 1 2C03KS 

¥ff3^t^. ico^Ji. m\l\z±~>XWLt> *Wmm.<r>mtft 2 (t2*tlX»m2%fr<x 

ti, miisyxi 6izx<)miiitT j x? 2o<?)mm ttmftztttzwimmtDm&iVh^j:^ 

m 1 zftixmmmm2 2±£mtzti&. zlx wmt%hk*>\zmsimxmfcL. z<rmimmr> 

mmsmfi2 2-cffiffity vtzx t)$m2tixmtLK m2%T< x7cr>mmnmA 2%.mx't>&K al~ 

3tmt±. mvmi^vxi 6. i/4&g«i4. ay nahjc m^rffl^iiELfc^w^xt-rs. #^>ii 
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[0044] ^HiS^li, 2-?<03tlg 111, 112 

h. ~?%:b*>. t 1=0. 6mm, t 2= 1 . 2mm, 
610nm<AK670nm, 740nm<A2<8 
70nm, 0. 4<NA2<0. 51fcLJt#, 0. 6 
0(NA2)<NAL<1. 1 (NA2) 
TmO. 60 (NA2) «Hffl±, 0. 80 (NA2) 10 
#ff£L<, 3A>£0. 85 (NA2) TftSifciW 

au>. ) im^^tmtu\ zormtrntt 

-f, ±ffi^j&tt^A2fcNA2fcfcv^T«^$^ 

S?NALJJ3i2ftSl 1 2 5rfflV^fc§^2^SiJffi 
S d 2 ±T*ON A L . 

[0045] at, 0. 0 1 <NAH — NAL<0 . 1 

2 (i<o±iso. i2»±, mm±. 0. 1 
8fefc»*u\ ) <r>g&tmt:-rzttfmn,\ z 20 

#&fcL, tM ■X#vhWi t Jz£<%'). ± 

.tvNAUi, ^23tjgi 1 2$m\,^t*com2ftm 

fflS d 2±"C<0N AHfeitf NALSrJg-r. 
[0046] at, &2ftTlX?<m!m(t2<Dm 
Z<rmm&t:ftLt:lgi) fc, gS|P&NAL*^|ilPSt 
NAH^^ffilRH**, -2 (A 2) / (NA2 ) 2 
£Lt, 5 (A2) /(NA2) mTemtZmtZtZ 30 

( A 2 ) / ( N A 2 ) 2 OT* s ff 4 L< , gftHi, ^ii 
S^lt-C&S. ) 0 (31) 

m^mitL. ±m*mt&2^ix?<rmm<nx 

Wfc, iO&fHi, 0-2 (A2)/(NA 
2) 2 ^IElfl£P£TS£fc#$^fc:#aL<, £<tt© 
£, 7*-#;oc7-m^Ji#fc#£>*i.£. 40 
[0047] at, 8'Jcoa^*^l.Sfc, 0. 60 (N 
A2)<NA3<1. 1 (NA2) O&fMdcOTK 
0. 6 0 (NA2)IJHffl±0. 8 0 (NA2)##a 
L<, Zt>lz0. 85 (NA 2 )?*>!>£ i:##aL 
V^. ) ZmS.-t& fc^fc, 0. 01<NA4-NA3< 
0. 12(#£L<liO. 1 ) <^frSrpfi-r&*r!t!j^ 
>X1 6<Vj£f< X^ffl|£7)^PStNA3fcSPStNA4 
OfSfc, ff^L^NALtNAHfcS-^tS (-f&*> 
t>, ±fc^23tT-fX^OS4^ffl1-6^SlJffi^^t 
5. ) -rfC&S. £*UCJ9, 3513fcT4X?C£3fc 50 



^2000-28917 
1 6 

X ? t LT X &&SiaP8W»fcT 4 X 9 £S4i"t 
[0048] ftfc, t2>tl, NA 1 >NA2T*, 3fc 

tta^m^i^t^tt^ Bfp&NAL-ett, mtn 
mcomitmitco^^ %M®cr>mmizfri<ij 
fofcrasKtsatu upsNAHtii, mmmnrnm 

t lc^x^x^oS^'^ift^t^c, .rfiiO 
guiSJORflPSt 2<r^<x9<rm#fm&n 

[0049] t^, ftmsmtmmiiz. m<m&h*h 
w) nmmn-yxieizte^x. miftwmsd 

l£ig£L*:3fci:, S»S3#giJfflSd3£i§S§U:3fcfc 

UK jmomz {mtt4x?)<mmw&ftL 

dl£^Li§B««£;frL*:3fcfc, ^2^S0iBSd2 
ftffiBJ: 93fc»ffl<03S2#MiiiS d 2 ^SSL 
i§a««£:frU:3fci:, OfiifflUS: (AIL) w (ra 
d) i:U S3^JfflSd3^SL®B««^t^ 
3fet, ffS+i^SJ:03ettfflli:<iRStffl!I^2^S!niii 
S d 2 £ j§S& LSBJ»R£^ Lfcft t , WffifflUS- ( A 
1H) 7T ( rad) fc^&fc, (A1H)>(A1L) 

^stfi-rs. cio^tiSfcHat, 1 1 >t 2 , n 

Al>NA20*&£li, (A1H) < (AIL) 
I. LfctfoT, (A1H) * (AIL) k-?2>. 

[0050] ^tfe, ittvm&wtm®. ^sniisdi- 

Sd3S-»!fevyXi 6<oJS*fSSifcrg(ts^t, *t 

^t, tfiTOoa, ^2^SiJffl^iS»tt^t', 
fcO^T^E^{cK<i>/l.S*>«T«^^. at, mift 
Ml 1 lt^23C3Sl 12k*i*l&^m9lz£0$1&. 
-rsiatcLfc^, ztHzm^tL-T. Hi{^L^3Ktr 
s7T-y7$miZt5^X%Ml 1 £mi3tSl 1 1 fcSS 
2*iSl 1 2klzmmb&£olzl,Xi> 
[005 1] at, *HSS09tt5V^T, mi3tx-fX^ 

i: # ) » 1 ^-MtB S d 1 il^m 3 #m® S d 3 z$m 
«M»:J:5ftl8[WRiA J 0 . 0 5 A r m s (tt* 
L, A (nm) limi3KX'fX^2:S*-rSlg{C(lffl-t 
S3KiS^«^) £Sft-tt*ffC^<, ®23tr 
-fX^SrS^-TSK (-«r*>^, «$t2^SB8a«Sr 

ftiK t # ) ^ i ftmms d i sras-r&^KJ: &s 

^«iSJRII**IlI*flS*T*S 0 . 07Arms(tt* 
L, A (nm) <im27tx^^5:S4-ri)^(Cffiffl-r 



1 7 



[oo5 2]&i>. z<o9mimzm?>m)\'yxi6 
TvTmmzmvztz^ mxrixtbLXDv 

wmmawxi e\t. lcoimzm^xmi 

ossau 2 (strtfu 1 2*t i > <r)m2wmmm 
m&ffimmw±jzm£ v&zt tmz. 

h^x t>^23Wt mmmw<r>mkmm±.^zmtth 

ZktfX'%Z>i><r)X'bh. ZtoZbtzi*). *fc£o||& 

h 2o<0ftag£&flJLD VD fc CD-R<Dff££-f Sft 
e>y?T>yXgM (DVDfflt:$l610nm-6 7 0 
n m ffmmt CD- Rfflfc&^&afcg 7 8 0 n m0)^M 
iZitfB) tzm^&miUyXb. lo^tDVDl' 
CD<0S±^S3tt>y^T yT^a («ft6 1 0 nm 
~6 7 0 nmOftiKC*«&) KfflV^^WyXfc 
mfct&Zttftii*. *M£Mlzftd1&3Xh{Lt:mi 

ftJ&WfcfBaLfc N A L^N AH<0&tt£3l£-r& £ b 

[0053] *WtMJ£*Ji^Ttt. mi%Ml 1 
lfcSB23ftgl 1 2i:S:IJ{a'llt^-CffifflLT^I»0 

x. i^cr>mbiii&3ot-?&zkWTZ.mmmm 
tc-rscifctfas****. #*«»fcsi ii, 1 1 2(=« 

C0054] OT. VX 1 6c%^Sffl£0 

l$rf4X9b LTDVD (jgHBS«<7)g? 1 1 = 0. 
6mm. <£g&g|P&NAl=0. 60 (A = 63 5n 
m) ) fcjflv\ m2%T4X?bLXCD (mm&CO 
J*<?t2=>l. 2mm, iS5rioaNA2 = 0. 36 
6 (A = 635nm) £>&lr*ttNA2 = 0. 45 (A = 
780 nm) > sEWiCD-R (i§BJffl£<DJ53 1 2 = 
1. 2mm.fflKHP»IA2=0. 50(A = 78 
Onm) (fc£U ff£0»»a«&tt. NA2 = 0. 4* 



10 



20 
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18 

* 5 (A = 780nm) ) fcJBH*£fcjC«. =Srfc. fit 
1 3»i. gfHrgSfc-tSClfct J: *)m»\s>Xl 6^ 
JaTWflttJVvCfcjStfcUyXl 6^¥tf3e^A 

mizmwzti&mzfsiffibix. zzfrt,mizmi 

%r&0>V>Xmcr>W£¥&t:r i , DVDB4il$tf)3Si 
#B<afflfcm + l#BOffifc^ia<**Ji£d i (CD 

E^&^v^-ttd i bmi?i>&. > . -eoisig 

6. 4fc, *?WWI«fcfflv>fc*att. ±»Lfc# 
[0055] (H£&#! 1 ) mm 1 Ji±j*L^5t<7)H^ 

m> 1 3ts<o3t t -/ ? r» x^a i o ismtttumu 
>xiexi>^x. ^i^i"Msdi~m3^siniisd 
3crmmz®m£WLVt:m»i'>xi 6iz*m\zmm 

<i><ob-tt. 

[an 



x=- 



1 + a/1- (1 + *) (H/r) a 



+ 2 A j H E 



Ajuiwmt. pj«@iwtffi«!)^**<3Wfu p 

j §3) Srfc. ±5U^<7)ffi^^iB<7)^ffl 

»i. ±£&jBir\ pjSrios pj^3^a^afc 

<J> (h) =Cih2+C2h 4 +C2h 6 + C4h 8 +C5hio 

L= {<& (h) + i A> /(n-l) i=0. 
1 , 2 • • • 

■c**. 

[0056] 
[«2] 



i 
1 
2 
3 
4 
5 



d i 
0 



r l 

oo 

2.114 
-7. 963 
oo 

00 



2. 
1. 
0. 



[fc3] 



650nm 780nm 
3. 36 3. 39 
0=4. 04mm 
0 

d i ' n i n i ' 

1 1 
2 1. 5377 1. 5337 

757 1 1 

6 1. 2 1. 58 1. 58 



50 



(11) 



19 
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O^Hgl. 321 mitt®®) 

1. 5 3 2SH (SB3#Si]iB) 
a: =-1 
Al=-0 
A2= 0 
A3= 0 
A4=-0 
A5= 0 
A6= 0 
A7 = -0 
1. 

k =-1. 
Al=-0. 
A2= 0. 
A3= 0. 
A4=-0. 
A5 = 0. 
A6= 0. 
A7=-0. 
Cl=-0. 
C2= 0. 
C3 = -0. 
C4= 0. 



1372 

300 74X1 0" 3 Pl= 3. 

43633X10" 2 P2= 4. 

79005X10" 2 P3= 5. 

49422X10"* P4= 6. 

12018X10" 2 P5 = 7. 

25012X10" 4 P6= 8. 

18446X10 4 P7=10. 
321^Hgl. 532 (3S2#S« 
1372 

30074X10" 3 Pl= 3. 

43633X10"* P2= 4. 

79005X10' 2 P3= 5. 

49422X10" 2 P4= 6. 

12018X10" 2 P5= 7. 

25012X10"* P6= 8. 

18446X10" 4 P7 = 10. 
10423X10" 3 
25757X10' 3 
2023 5X10" 3 
44453X10-* 



C5=-0. 

Jfl3H (^SIBG&C) k =-0. 

Al=-0. 
A2= 0. 
A3= 0. 
A4=-0. 
A5=-0. 
A6= 0. 
A7=-0- 

[00 5 7] £ti. 03 (a) fcffSt 1 ( = 0. 6m 
m) (7)WJmti&1tLt:t* (WT. DVDWmt^ 
0) <D«ffiJRH0£. 03 (b) US?t2 (=1.2 
mm) <»mmfo*1tLtlt% (filTs CDB£B£fc^ 
5) ^ffiJRUHfc^L-O^. 04 (a) fcD 

v Disimcom&miim&ftbtizimkT y * -a 

X UztfMTMS^ b Z W&Wmmt: . 04 ( b ) tec 40 

Dmmr&M.»mmi3 { %iotii>&MizTy *- ax 
itemxnxtzcrymwgmzTKix^z. dvd 

ffiffl^f<7)NAl-C<0»fflJ|Xllfi(iO. 0 2 5Arms. 
C D&fflB^Sil 1 #3fflrt-C<7>S®JRJ!*te0 .054 
ArmsTM. 07 ( a ) £D VD?f£l$<0g 

aaHSHfcSU 07 (b) CCDH*B«c«W>^-K 
[0058] *50 



39336X10" 5 
23984X1 0 2 
25083X1 O 2 
10598X10"! 
45136X10" 2 
7261 7X10- 2 
1513 3X10-3 
1 338 1X1 0" 2 
1111 xi 0-3 



Pl= 3. 0 

P2= 4. 0 

P3= 5. 0 

P4= 6. 0 

P5= 7. 0 

P6= 8. 0 
P7=10. 0 

[01 ] *wmitvy?T -;7mmm\s>x<7M 
mmmxh mi 3tfPBiBS«^^mmim^^ 

[02] *m\mvv?Tv7'mwmm\syx<m 

[03] *^^«^uyXco#^Mo«ffiJRIloffii 

[04 ] xffflvmauyxco&ftmn&Mifmm 



(12) 



21 

[06] *mfem&th%V'v?T>vrm.<r)®tfL<r> 
[07 ] xmmmn'yxcm&cQxxy vmk<m 

1 1 ¥m#u~f 1 2 f|iih-A^ 



22 



13 

15 7?faX-^ 

17 m 

19 *SK£j£?8 

21 mm. 

30 3ta*ifi2§ 



2000-28917 



14 1/4 A« 

i6 mnvvx 

18 ^'J>-HU* 
20 

2 2 flHEESiii 



[01] 



[03] 




(a) 



) 



(b) NA1 



NA2 NAH 




NAL 


7 



Y 



[05] 



[06] 




ao 



[07] 

C » ) 



- lo ao 



< b ) 



LO £0 




1-0 20 



(13) 
[H2] 



#032000-289 1 7 



S1 16 20 




(14) 
[04] 

2r 
IJ - 

I - 



as - 




o!i 03 oa * as o!* 

NA 
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